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A Preliminary Statement 


- 1 The following outlines of topics, questions, and readings are intended as 
guides tothe study of selected aspects of public policy for sciénce and technology, 
and their impact upon society and public affairs. This material is organized as a 
‘course appropriate to graduate or upper-division undergraduate instruction. Its 

"scope is comprehensive and implies a,high level of generality if the course were 

’ offeredin a tworsemester or threé-quarter academic year. But each of the fifteen 
main topics intowhich thé subject matter has been divided may be studied in depth” 
and detail, and contains sufficient material for intensive study whete desired. 

2 The study guide was developed over a two year period, with assistance from 
the National Science Foundation, and has been revised following.three years of 
exptrience. The course of study which it represents initially was experimental, 
the field of study being relatively new to universities in America or abroad. 
Outlines of similar or related courses offered in other universities were examined, 
not necessarily for the purpose of borrowing from or improving upon them, but 
rather to see how other institutions were dealing with the instructional problems .. 
of the field, If there is a one best way.to study public policy for science and 
technology, the ‘authors and revisers of this study guide-have not found it, There 
are many approaches to the field of study. The advantages of some over others 
appear to depend in large measure upon the chard€ter of the institutions offering .' 
the instruction and upon the needs and batkgrounds of the students. 
3 The objective has thérefore been to develop this’ study guide ,as a basic 
instructional facitity rather than ds a model course. The fifteen topics are, in 
effect, building blocks und can be put together in many different combinations. 
Individual topics can be taken aparf and recombined, the keyed references pro _ 
vidthg reading lists for the new combinations. Thé study guide is easily adaptable 
to self-instruct ion; the topical abstracts, outlines, questions, and keyed references 
enable the student to‘follow a systematié course of learrtmg without the.direct 

> assistance of textbooks or instructors. a . . .2 
4 An outgrowth of this development'in curriculym construction has been a 
selective but comiprehensive annotated bibliography in Science, Technology, and’ 
Public Policy prepared undér a contract with the National Scietice Foundation - 

_ | This three-volume compilation ofreferences, distributed by the Foundation, covers 
material. published’ in English -between.and including the years 1945 and 1970. 


Its use can assist further specialization in the field of study. ‘ 
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5 The field and feu of the ~~ of public policy for science and technology 
haye oftenbeen misconstrued. Students in this field are concerned primgyily with . 
publicpolicy and secondarily with the subject matter of science and technology. : 
They must, to the extent of their interest, become students of social or political 
science even though their priog training ey ave been in some ‘other academic | 
field. ‘The study of public policy for science and technology is not intended as 
an answer to the need for an enlarged and improved public und rstanding of the 
substance*and methods of the sciences. Effarts to bring: underting of science 
to college undergradeotes of tocitizens generally could- contribute to better: 
publie policy for science and technology. ‘But this task involves a different 
subject matter and focus and, ideally should be undertaken by the scientists 
- themselves where the subject matter of their own disciplines istaught. In the field 
of policy studies. the scientists are social scientists, although the .assistance of 
-professtonals * ‘an the physical and biological sciences, Medicine, and engineering 
is also required. As this volume indicates, scientjsts: have been extensively in- 
volved in* the shaping and criticism of science policy and in the application 
of science and technology. Scientists do, therefore, contribute tothe study of 
publi@policy for scieAce and technology even though relatively few of them may 
ever. become actively inyolved jin it as teachérs or researchers. . 

6 One may concede that the process through which public policy is formulated 
and applied is an approprigte focus for study and yet. question whether there is 
anything so distinctive about public policy for science andtechnology as to warrant 
special attentitn’. It might be argued that the policy process'mdy be studied by 
political scigntists, but that study of the substance: of policy belongs to the 
Yiscipline primarily concermed with the subject matter of policy.” For example, 
this reasoning would léave the study of the substance of weather modification to 
meteorologists, and of water pollution control largely to’chemists. There can be 
no objection tothis approach, provided that the natural scientist is willing tobe- 
come a student of the social and political implications of his discipline. But the 
_highly specialized character of modern science makes this interdisciplinary 
approach difficult. 
7 Understandirig of the problems of public sty in any substantive field requires 
a synthesis of knowledge of both the substance and processes of policy. This syn= 
thesis cén be achieved in several ways. It ispossibleto achieve it largely because 
there is available to,the student extensive policy-oriented writings by scientists 
themselves and by nonscientists well-grounded in the scientific aspects of policy 
issues. Synthesis may further result from the various forms of intellectual inter- 
change between students of the processes of public policy-making and admihistra- 
tion, and students of the social implications ef science and technology. 
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8* The intrinsic importance of sclence and technology as subjects for policy 


studies depends upon their significance in the shaping of human societies. The 


tremendous impact of science and scientific technology on the’ modern world is 
now generally fecognized. Buf, until recently, the effects have been widely 
assumed to be beneficial and to require no special attention. Since 1945, how- 
ever, the hitherto small stream of critical comment on the uses and effects of 
science and technélogy has swollen to Amazonian proportions... Science and 
technology have become majot topics for policy consideration in all industrial 
societies, in all modern governments, and in international affairs+- Dangers ‘of 
‘the overuse, underuse, aid misuse of science are becoming matters of public 


concern. And_at long last, the universities have begun to recognize their own 


responsibilities not only- for advancing understanding of science itself, but also 
for advancing public Understanding. of its impact upon society. It, is not easy to 
‘fit the study of public policy for science and technology into the conventional 
disciplinary structure of universities. But the great importance of the: issues with 
which this aspect of policy study is concerned gives hope that this task, which 
implies new relationships among the disciplines, will somehow be accomplished. 
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1 Following the printing of 500 copies of Valume | of Science, Technology, and 


’, Public Policy in 1968; requests for copies rapidly reduced the supply. Approxi- 


mately 250 copies were distributed from Indiana University to colleges and 
universities, government agencies, and individuals teaching or organizing tourses 
in science,‘ technology, and publig policy. An additional 0 capies were dis- 
tributed. by the National Science Foundation, and the balance were used at 
Indiana University and Purdue University for instructional purposes. Wifhin two. 
yea, the Volume was out of print, except for a small supply for classroom use. 
2 ‘Three years' experience with Volume | suggested the following changes in its 
arganization and content. A new Topic™13, Technological Forecasting and. 
Assessment, hasbeen added, and former Topics 69, International Technoscientific - 


. Organization, and 12, International Technoscientific Cooperation, have been 


combined under the latter heading. The fifteen tapics are now equally divided 
among the three principal sections. Biblidgraphical material has beengalmost 
doubled, and the selections for basic readings have been extensively revised. 
The wording of the title has been revised; study guide being substituted for 
syllabus, as mare descriftive*of the Volume. This volume is & revision and 
expansion of the first of a two volume syllabus on Science, Technology and 
Public Policy prepared with the assistance ofa grant from the National Science 
Foundation. This publication, in its revised farm, will appear astwo separate but 
selated study guides with the volume numbers dropped. The original Volumes | 
,and || were published by the Department of Palitical Science at Indiana University. 
3. The authors gratefully. acknowledge the helpfyl-suggestions af users in the’ 


. revision of this work. Appreciation is also expressed to the National Sctence - 
. Foundation for a grant of funds to assist revision and reprinting. The authors also 


* express their gratitude to Hal Kibbey, Jan Lundy, May Lee, Mary Celenko, and 
Staff of the ‘Indiana University Likraries and the Indiana University Printing Plant 
‘for théir assistance in the project. - . 
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SCIENCE AND TECHNOLGGY “AS 
SOCIAL FORCES 
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~The five topics of this section introduce the student to the 
study of the effects of science and technology in modern society 
and afford background for the remainder ofthe course. It is hardly 
feasible to consider public policy for science and technology with= 
out some knowledge of what the terms "science" and "technology" 
‘mean, how they are related, and how they are different.’ This 
defining or clarifying of concepts is the substance of Topic 01. 
Science is explored’in Togje (2 as'an historical aspect of Western 
“culture that has 8volved inté an autonomous universal culture of its 
‘dwn, Topic 03 is concerned with the ways in which science-and 
science-bgsed-technology reshape traditional culture and give rise 
to problens that society attempts to solve by bringing science and 
technolagy-under some form of public*tontrol, and by reshaping 
domestic, economic, educational, and legal institutions to conform 
tothe impact of sciehce and technology. Topic 04 describes science. 
‘as an ‘occupation, examines the characteristics of science-based. 
fields, such gs engineering ancdymedicine, and analyzes the way 
in which scientific skills are utilized for technological purposes. 
Topic 05 outlines the impact of science on general education: and 
on the preparation of scientific workers,” and considers means to 
enlarge the public understanding of science. The concept "public 
policy" isnot analyzed in this section., It may be sufficient to state 
here that public policy in the context of this syllabus means the 
choices that the public really makes through the action ¥ inaction 
of government. ‘Publit policy as used in these topit3 is what. 
government does, not necessarily what the Jaw is presumed to 
“imply, or what presidents, legislators, or gitizens generally assert 
tobe publicpolicy. Public policy is therefore,an imprecise con- 
' cept and must receive a more rigorous amd penetrating’ analysis 
fore it can be given aclearer definition, ' ; 


' 
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TOPIC 01 THE MEANINGS OF SCIENCE AND TECHNOL@GY 

This topic provides an examination of science as an intellectual and social en- 
deavor. Science changes man's view of reality and enlarges.his ability to cope 
with this reality thtough. technology. It thus becomes a social force capable of 
permeating all, aspects of human life. Social institutions and formalized expres- 
sions of human experience in religion, art, philosophy, and law, have been unset- 
tled, modified, and sometimes destroyed by force of scientific knowledge® Sci- 
ence as a way of thinking and of perceiving is therefore a cantinuing challenge to 
established beliefs, traditions, and authorities. It affects the conceptual and insti- 
tutional bases of society and government, and inevitably becomes a factor in lpol ~ 
ities, notably in the shaping of public law and administration . 

( : | 

Although technology is as old as the arts of tool-making, rituat, and warfare, it 
has now become the major means for transferring scientific thought into social ac- 
tion. But technology:is not merely a vehicle for science-based innovation;./t is 
also a ‘powerful force for the advancement of science {Instrumentation gnd refined 
research techniques are essential to the development of modern sciences Radio 
telescopes, électron microscopes, and gas chromatography illustrate the dependence 
of advances in stience upon advances in tethnalogy. Although separable in prin- * 
ciple, science and technology in the more advanced industrial societies of the 
modern worldare merged into atechnoscientific complex-of unprecedented power. 
Control of the transforming power of science-based technology fthus becomes the 
object of competition among groupsand individuals representing differing interests, 
values, and assumptions « The consequences of this political pr policy-shaping 
competition are of great social importance, especially because of the destructive 
potential of technoscientific power and the need for organized social effort to 
maximize its beneficial effects. : ' 

The cuJture of gdvanced science and technology that is emerging in the late 
20th céntury required for its management widespread understanding of science and 
technology. Technoscientific society is structured by complex interdependent sys~ 
tems. Informed and intelligent cooperation is necessary to make these’ systems 


. work. To direct and control the powers of science and technology it is necessary 


to understand their natures, requirements, and relationships. To manage these 
powers for human welfare also requires undéPetainding of hyman-needs and values .f 
And so examination of the meanings of science and technology, and ‘of the signif- 
icafice of these meanings for society is a logical point of departure for the study 
of public policy for science and technology. 


/ Science and Technology as, Social Forces 
sTOPIC‘01.THE MEANINGS OF SCIENCE AND TECHNOLOGY 


Selected Basic Readings: ss qo! ~ 


— 


. 


Brooks, Harvey .” "Applied Science ‘and Technological Progress," Science, CTVI 
(June 30, 1967), 1706-|712. 


Kranzberg, Melvin. "The Unity of sreesednelas Geneon a LV 
(March, 1967), 48-66. ; ; 
McLachlan, Dan, Jr. "A Guess as to Wht Is Science," Physics eae XIV Wune, 
~ 1961), 22-27. 
Morison, Robert S. "Science and seal eee " Science Av (July 11, 1969), 
150-156. oe va 


“Price, Derek J. de Solla. The Differences betwegn Science and Technology. 
Detroit, Michigan: Thomas Alva Edison Foundation, 1968, 16. : 
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Supplementary and Substitute Readings: ° 


Caldwell, bynton K., ed. Science and Public Policy i in the American University. 
. Bloomiggton: Indiana University Program in the Public Administration of Sci- 
énce and Technology, 1969, 55. . 

Conant, ene: B. "Scientific Principles and Moral Conduct," American Scientist, 
LV (September, 1967), 311-328. ge 


Impact of Sclence-on Society. iNon-Scientists Dissect. Science, " |mpact of Science 
on Society, XIX (October-December, 1969), 305-404, _ 


Malik, Charles H. "The Limitations of Naiuast Science," “ mpact of Science 6n So* 
cigty, XIX (October-December 71969), 377-386. ' 


Polanyi, Michael "The Growth of Selene jn Society," Minerva, V (Summer, 
s 1967), 533-545. , _ an - 


Ziman, John M. Public’ Knowledge: The Social Dimension of Sees London: 
sl University Press, 1968, 154. | 
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TOPICAL ourtine og Se os 
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~ rm - 
. A. Science as knowledge 
' 4 7 bd : . | aan 


~ ; 1 Wor knowledges is scientific? , 
2 .Definitionis of "the sciences? . - 
: _ a. Hard and ‘soft science, 
. b. Natural and social science: 
‘ om, so ; 
c. Physical and life science, 
4 d. Pure and applied science 
a “e. Theoretical and imental 
science ~ 
4 «F. True and false science aad 
3. Culteagl basis of définitions 
~ (cf. Topic 02) 
. 4. Changing, configurations, of science 
a.-Conéept of the unity of science: 
b. Relationships among the sciences 
¥ c. Emergence of new sctences 


: B. Science as method of meng 


~ 


~ ; - 7 
1. Is there-a scientific methad? 
"a. Methéd as a general co cept 
b. Differences qmong methods, 
theories, and techniques | ~ 
roan Reductionism-and synthesis ag 
d. "Strong | inference" as a general 
a method _ a 
ase? st Limitations ofiscientifie gethod 
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a. Limits of contemporary technique : 
b. Intrinsic limitations of sci¢hce 
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“4 TOPIC 01 THE MEANINGS OF SCIENCE AND TECHNOLOGY 
‘ 0s ms 4 o ‘ rani aS _- 


97 


-> ¢. Is,science fully défined by yqnethod? ; 
_ . 4 a 


179 

158,163, 176, - 
178 . 
53, 171 

12» 48, 143 


11, 58, 64, 91, 


- 96, 107, 133. 
- 50, 166 - 


21; 26; 129 - 
Ie 


6s. 
97,159. = 


170 
7 7 ¥ ” 
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_ 32, 108, 109, 
* 169, 175,178, 


179 


>. 7, 12, 86, 113, 


157, 161, 163 
ge, 104 


167 
106, 144, 164, 
Whe gs 


7, 53, 95, 127 


, 78, 137, ¥39,° 
163, 175, 176, ° 
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qhe Meanings of Technology 
a a 


A. 
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Tb. Interrelations between, Science and Technology, ‘ 


. 


B. 


a 


are ’ 
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3. Relationstttp to phi losophy 


- * a. Independence of science from 


- philosophical dogma ; 
'b.- Science and philosophical values 


e 


ieomelay as knowledge of "how. 
. Scope and varieties of technique » 
o Technique and skill 


__ 3. Pre-scientific ‘technique 
, A: Limitations of epee without science 


Technology as an ‘operating system ~ 
(cf. Topic 03) — 


* 


° 


1. Evaluation of technological 
interrelatedness  -” 
2. Technology and the economy 


* 3. Science as a generator of teclmology 
4. Advent of "the teefnological society" ’ 


e 
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A. Conceptually distinct; but often 5 


a 


Y 


practically related 


. Relationships in'anicient societies 


“a. Modern definitions are not applicable 


*b. Priestly "figchnoscience" of Egypt 
 ¢, Science in’ Greece and China . 
» d:-Roman science and teclKnology 
2 eel in Western Europe 
y of Aristotelianism 
a hake of alchemy 
c. Science-and technology in the 
. Blslamic world 
; d. Renaissance aisd Relsenpslien 
~— e. Explosive fusion of science and 
.fechnology” 
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oe og Sciende and Téchndlogy as Social Forces 


‘74, 4 7 ; - J 


15,6), °°) 
27, 34,.129 


136; 141; 149% - 
162 


| 49 59, 62 
# 43, 54,10° 


é 
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\45,-84, 148, 177, 


Pa 


i6, 5é, 67%s, 9, 


145, +50 
1, 48, 56, 115, 

~ 137 - 
43,165. +. 
43, am 
89°, 
42, 136, 137 


66, 119, 154 
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The Meanings of Scigace and Technology 


- : PS 


“B. * “Symbiotic relationship einadenn scifhce 
“na techpalogy i . : / 42, 44, 48, 67, 
68,140 =: 
4, Dependence;ofs sciences upon technology  * 46, 123 
. Instrumentation £4 
‘b. Procedures of verification 
c. Preparation of materials 
d. Organization and recording of 
information 
e. Storage and dissemination of 
information , eas 
F. Stimulation of scientific research. 
; Dependence of techoeleay upon scienge 4, 21, 23, ni 53, 
- 85 
a. . Knowledge of croperties of materials 
b. Knowledge of sources and praperties 
of energy bass 
c. Predicting the behavior of natural forces 
d. Opening the way to new technologies ’ 
.e. Legitimizing technological innovation 
F. Translating science into technology-- 
the processes of invention and innovation 
(cf. Topic’ 15) 2s : 


C. Relationships of science and technology to’ 
engineering . 12) 


IV. Public Understanding of Science and. Technology “3 33, 57, 82, 90, 
. 100, 102, .179 
A. Need for public understanding : 19, 81, 126, 128, 

; 131, 132 

1. Fu étHeipation in modern Saciety 25, 7 

2. Intelligent exercise of citizenship ~ * 4,83 °° 

. 3. Realism in personal and social decisions 73 
4. Protection against organized irrationality 14, 55 
5. vane) the benefits of science : - 23, 79 


Distortéd or erroneous opinions: 18, 111, 151!” 
. Science and technology as magic 4}, 130 
a. Undue reliance on science to correct = 
, rather than to ‘prevent human. errors 


D. 
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‘Science and Tectinology as Social Forces 


b. Ignorance of conditions needed for 
“ advancement of science 
G. Failure to respect the rationality of science 


- 2. Science as ‘servant of technology 


a. Science valued not ts teacher, but bs 
servant of desires 
b. Basic research devalued 
c. Emphasis on probleni-solving, technological 
applications » 
d. Scientific creativity distorted 
3. Science as theology--scientism 
as Science as absolute truth 
b. Mystique of science and scientists 
c. Optimistic rejection of tradition 
d. Pessimistic acceptance’ of diabolism 
Dangers at misunderstood science » a 
. Ideological, exploitation of popular naivete 
a. Theological Bationali zations ‘ - 
b. Moralist distortions. 
c. Political scientific myths 
d. Democratic biases _ 
Zi Uncftical acceptance of allegedly science- 
. based technology 
a. Technological determinism 
b. Science used to rationalize techno-political ‘ 
choice 
c. Insufficient examination of consequences 
d. Neglect of criteria for scientific and 
technological choic® 
e. Failure to provide’ safeguards for use of ° 
science and technology (cf. Topic 03) 


‘Efforts itil public understanding--the United 


States ? . 
1. Educational institutions (cf. Topic 05) 
- a. Science in the com schools ” 
b. Understanding of a hes and technology as 
tasks of higher education 
c. Science policy asa field of study , 


V51 ' 


117 


84, 148, 174 


124° 
Al, 156 

é \ 
106 


20, 75, 151, 174 ! 


ad 


7\, V7 
118 


147, 15) 


« r~ 


142, 152 re 
5, 10, 13, 35, 44 


28, 39, 70, 91, 98 
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» The Meanings of Science and Technoldgy: 
4 - a 


. 


ne i of . et , 
2. Mass’ fiedia - 22, 69, 125 © 
a. The role of the science writers “29 30, 51, 72, 
-116, 120 
be Opportunities and limitations * —— 40, 122. 
c. Dangers of over-popularization. _ 37, 87 
3. Direct communication between the sctentist 
“and the pyblic oe 3 . 6, 17, 80, 134 
a. Through newspapers, ee journals,_ 
and books 9, 52, 75, % 
b. Lectures.’ mh «=. 60 
c. Use of radio and fel vision, 5 101 
4. Governmental agencies' (cf. Topics 06 and 7 
a. Linear,.' 'mission*-oriented role of most a 
government information services * "63 
b. Policy’ review as a-funcdtion of the Congress 63 
c. Fact firiding and policy review of ad hoc 
, executive Gommittees and commissions 
d. Roles of fhe National Science Foundation 
and the National Academies of Sciences and 
Engineering 
~ 5. Professional organizatlons (cf: Topic 04) 
a. Public information asa secondary function 
of scientific and professional societies: 
“exg., American. Chemical Society, American 
_ Medical -Association . 
Bs Organizations fer public informatian: e.g:, 
Atomic Scientists, Scientists, Institute for 
Public Information 
6. Associations of interested individuals for the. 
purposé of planningsor publicizing sclence- 
based remedies for such problems as overpop- 
ulation, radioactive fallout, wildlife conser- 
vane and disease prevention 
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3, ! Almond, Gabriel. ~ "Public Opinion and Space Technology,"” Public’ O- 
A, Aron, Raymond . "The Education of the Citizen in Industrial ,ociety," 
5. Ashby, Eric., “Dons or ‘Crooners,* Science, CXXXI (April 22, 1960), 


6. Asimov, Isaac. "View froma Eisigity? Chemical and Engineering News, 
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-" & The Meanings of Science and Technology . * 95 
LEADING QUESTIONS a 


What is the meaning of "the scientific_method"? What criteria are used, and 
by whom, to determine what methods are "scientific'?. ; 
Is advanced technology synonymous with “applied science” or are there dif- 
ferences between these terms? If differences, what are their implications? 
a . E : vy 
What are some of the more impartant instances of the dependence of "pufe" 
science upon technological innovation? (For example, in astronomy, physics, 
neurology, and microbiology -) : — : . ; 


Do you agree that the interaction between science and technology is more the 
exception than the rule, and that the achiev@merits of the last two centuries 


owe-more to the advance of technology than to the progress of science? ' 


Under present and prospective conditions of societies with highly developed 


‘ technology, is there justification or utility in an intellectual attitude that 


separates ascientific discovery from technological application? Should the: 
two processes be a a d single continuum, or as interacting variables ?, 


“ 


* 
re 


What is meant by the "science of scienc®"; ‘by the "sociology of science"; by 

the:"political science of science"? How dé they differ from the study of the ” 
"history arid philosophy of science"? How does each of these fields differ . 
from the study of “science, technology, and public policy"? + ' 


If you could redeganize a university upon the ‘basis “of the present state of 


_ knowledge would you change the present formal organization of the sciences 
,and technical studies? If so, upon what basis or? criteria would you act? 


What are some of the more common popular misConceptions of science and 
technology? Why may, these misconceptions prove to be socially harmful ? 


Is the “mystique of science” solelya consequence of unso histicated lar 
mystiq q P popult 


attitudes? Hds it been cbltivafed or resisted by scientists? . ’ 


Stephen Toulmin writes: "Our lives“are-changed by its (science's) handiwork, 

but the population of the West isas far from understanding the ‘nature of the 
strange power asa remote peasant of the Middle Ages may have-been from 

understanding th€ theology of Thomas Aquinas :" Do you agree? 
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TOPIC aerate AN ASPECT OF MODERN CULTURE 


Every major aspect of modern culture or technology has been influenced by sci- 
ence; the perceptions, assumptions, themes, and techniques of, the arts and humani= 

ties have been profoundly affected. Science may be said to have sae: Q uni- 

versal ‘culture of its own--the fechnostientific superculture--which overlays tradi ~ 
tional societies and fo which ‘individuals, regardless of particular nationglity, may 


equally belong as. €ommon members : 4 
, 4 p 


ea 


There is, nevertheless, in all modern nations a substratum’of ‘pre-scieMic ang 
unscientific attitude atid belief that greatly complicates the shaping, oly fie pol ~° 
icy for science and technology. Nonscientific attitudes tend to be: strong . astin. 
domestic, political, ‘and religious affairs. Where-strongly held, nonscientiflé values 
conflict with scientific judgment (as with family planning and population control ), 
the task of public policy formulation is aia . 

Unlike fraditiond! aii ues, that may relate: to alle aspects of an individual's ex 
istence, te technoscientific superculture is incomplete. There are many aspects 
of life’ to which science and technology contribute only indirectly or not at all. 
No person can. live Wholly in the technoscientific’ superculturg. The greater num- 
ber of people in the world as yet live almost wholly i in traditional or at least in 
nonscientific cultures. But persons who belong to the sUperculture of science and 
technologyebive in two cultures~-the one in which they were born and reared, and 
the one in which they work as scientists, engineers, or physicians, with attitudes - 
“and techniques shaped through advanced technoscientifjc education. Where these 
two culturgs are inconsistent with one another and are contradictory, conflict be~ 
‘fween and Within groups and individuals arises. A notable instance of this conflict 
has been described by C. P. Snow in The Two Cultures. 


a 


a ’ 


Although it is possible to distinguish technoscientific. culture from traditional 
culture, they are not manifest as clear-cut distinctions in most individuals. In any 
individual 4here may be g cOmptex mixture of traditional attitudes and behavior 
patterns with’ beliefs. and methods affributable to science. Modern science is, in- 
deed, an outgrowth of historical Western civilization and in one sense is mare truly | 
an advanced phase of this traditianal culture than an alien overlay. In this ad- 
“ vance, however, the ties of modern science to historical Western culture have be~ 
come increasingly attenuated, and in non-Western societies to which it is alien, 
science has often been a disruptive force. The wise use of science and its recon~ 
ciliation wjth elements of traditional culture have now become challenges to ther 
integrity of all human societies. Thus public policy for science is linked to social 
policy generally, and requires a high level of synthesis in conceptualizing, and 
planting for society's future. ; ‘ 
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Pt ~ 


_T@PICAL OUTLINE: too. : , REFERENCE KEY 


z 


1. Science as an Aspect of Western Civilization _ 59, 83 


A. Historical and phi ipcaphicsl roots of modern _ 
science in ancient Greece and Rome 
Scientific thought a distinguishing chara 
terisfic of Western civilization? a : 
ibe ‘1. "Scientific epistemology: a dual 
an process of arriving at and judging 
knowledge. Application of such a, 
criteria, e.g., by Artistotle, to thé oe a ee : 
ss totality of:human knowledge 21, 84 : 
re -' 2, The concept of action, by the individual « - os 
7~ = ~ or the society, as ruled by reason, i.e.,, 
— denial of tradition or authority as'the 
yo 4, . ‘necessary guides to action. Consequences _ 
va! q 4 in ethics, law, science, and technology- _ ~, 82, 85, 86 
7 7 {“,. +3. The concept of man and the universe’ds : aa 
; ; "transparént " to the knowledge-seeker-- ; 
epistemological optimism versus episte- 


mological pessimism —- ° 48, 96 
4. Concepts of the voles of know)ige for its ; 


own sake : 74 


28, 43, 67, 88 


+ 


B. Developmént of intimate sannechs between” 
science and technology (Review concepts’ 
developed in Topic 07) . 38, 42 
1. Ancient and oriental views’ : 
.a. Little or no connection between 
science and technology vO 28 
'b. Early links of scientific thought. " & 
with religion, mysticism, medicine 87, 88 
2. Three current views . ‘ _ Sas 
a. Classical: emphasizes the pursuit of r 
knowledge for its intellectual and enter- 
tainment values. The "pure science" i ; 
argument: science can progress best by — : 
following its own inner directions 1 
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/ 

b. Practiembg.or Baconian: while 
admitting its intellectual -values, 
science can be methodically di- 
rected taward goals having social 
value, toward technalogy 

« Technolagical: science is or should 
be related to the unfolding af tech- 
nological evolution which, in the 
long run, is self-augmenting; the 
direction of scientific progress is 
shaped by technological as well as 
by historical and economic forges 

3. Contrast and change: importation of 
modern concepts of science, via tech- 
nology, into semi- or non-Western 


cultures (See Topics 07, 09, 10) 


: ‘ on a 
Pervasive Influences of Scientific Concepts on Man's 
Images of Himself and the World (See also Topics. 03, 
16, and 30) 


‘ 
e 


A. The increasing sfatus of ' 'sclentific knowledge" in : 
a technoscientific culture, as contrasted with mysti- 
cism, revelation, and conventional wisdom 
1. Historical relationships to the ‘diminishing | 
hold of traditional philasophical and religious 
beliefs, . : 
a. The destruction of the comprehensive 
Aristotelian system by such influences 
as the new astronomy af Copernicus 
and Galiled 
b. Beginning of the age of epistemological 
optimism seen in the work of Descartes, ' te 
Newton, and others--reaching its height Sim 
. in the 1%th century 13, 47, BR. 
c. The new geology of Lyell and the evolu- She 
tionary biology of Darwin placed the 
history af life on earth, and man himself, . 
in new perspectives 17, 76, 77 
2. Extensions (sometimes naive) of scientific . , 
concepts into other areas-of thought (See also : 
Topics 16, 21, 29, and 30) ' 16, 23, 50, 51, 
‘ 66 
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a. The Copernican Revolution: a cosmo- . 

logicat about-face . . 9 
‘ b. Darwin's Theory of Evolution: man's _ 
aoe in nature; sogial Darwinism 19: - 
. Pavlov's psychology: "brainwashing"; 
. the control of &ciety;. concepts of ; : 

human nature ‘i 

d. The new physics deriving en Einstein's é 
relativity, Planck's quantum theory, . 
Heiseaberg's uncertainty theory: attempts ° 
to extrapolate to the sagial sciences and 
the humanities > 32, 37 


B. .Identification of “modernity” with scjentific and 
naa progress / 66 
. Impingement of scientific and sciefice- P 
; derived concepts on the Western world-view . 17, 23, 54; 61 
nS a. Development of the view of a historical, : 
‘evolving, noncyctical world which is 
7 open to study by the methodology of 
science 3 
: ; . b. Growing identification of signe. : _ a 
; hought as the model, for all kinds of 
” nvestigation 6 
"2. Historical linkages of the ‘concepts of social - . 7 
and human progress with developing scien- . 
tific thought (See Topic 25) ; 24, 30, 31, 66, 
73,96° 


a) 


? ‘ 
a. The utopian literature of progress 
typified by the writings of Bacon, Si j 
Owen, and Wells relied heavily on 
th¢ rationality of science and on the ? 

fruits of science-based technology 58 
‘The literature of the Enlightenment, 
which greatly influenced future 
developments in political structures, . 
ethics, and religion, made appeals to 
' " scfentific rationality and independence ‘ 
* of thought : 
c¢. Numerous socioeconomic theories, €.g-, 

Cameralism, Technocracy, Marxism, have ° 

relied on technoscientific:ingrediénts in the - 

. social systems proposed _ 64, 65, 67 
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3. Factors aiding in the. reinforcement of 
the connection of scientific with social 


progress 46, 65, 86, 88 
: a, Continuing success of the scientific os 
- method as a tool for increasing know- . 


ledge of the physical world. 
b. The,demonstrated power of science as a 
generator of technology ~, 
c. The power of science-dérived technology 
as an agent of social change (See Topic é 


_ 03) oe +2934 - 
Ill. Emergence of a Universal Technoscientific Culture 8, 57, 65, 72, 
_ 80, 90 
A. Cultural self=consciousness and cultural conflict 
_ in modern society © 3, 5 
1. Science and technology create awareness of ‘ 
‘ cultural differences and cultural relativism re AT 


2. Culture becomes a tool of politics, e.g., 
~ German Kulturkampf, Pan-SlaVism, 


Aniericanism € “fa 
B. Emergence of a distinctively technoscientific 
aspecf or "layer" of Western culture, 1860-960 9, 25, 52, 79, 
- 85 cee, 


I. Growth of technoscientific occupations ‘ 
2. Increasing prominence of science jn uni-. : 
versities, displacing c classics, humamities, : ; §j , 
ind theBdlogy , 20, .66 } 
* 3. Transmission of technoscientific culture to . 
non-Western world, via religious missionaries, 
_ business enterprise, military action, and 
- philanthropic, educational, and technical 
assistance ‘ 4, 43, 44, 
4: Growth of an international technoscientific 
intelligentsia, partially dstached from : 
traditional cultures # = 5 


f 
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C. The "Two Cultures" canflict (See als 


Topic 05) * on 14, 55, 60, 63, 
91, 92 
1. C.P. Snow's thesis--thé English aspect ra 4 4 
° ‘the general issue 18, 49, 56, 71 
; 2. Extent of separability of scientific From ; : 
. Western culture ; : " . 3, 5, 37, 62, 
: : 90 
3. The complementary aspects of science 
and the humanities 9, 11, 22, 95 
4. Bridging the "scientist-humanist gap". 12, 27, 41, 
5. Isa "third" culture really feasible? 2, 39, 61 
a. Would its base be traditional or: ‘ 
. scientific? 
; b. To what extent do we have evidence. ; 
of the ability of existing traditional ‘ 
cultures to find an accomodation ; » 
: with science ? ; 53, 66,70, 73 
6. Is a single universal culture the possible 7 
outcome of technoscientific influence? ; - 
Would such a culture be‘beneficial, harmful, .  ~ . Ke, 
preventable, or self-renewable? (See Topics . 
20, 25, ond 30) s sf , 35, 36 
’ 
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: . ' LEADING’ QUESTIONS 
. ra , 


- , : . ; a 
George Sarton once observed that the proper focus of history should be on the 


+z development of science and technology, rather than on diplomatic relations 


2, 


3. 


. 


"4, 


5. 


. 6. 
| 


‘ 


8. 


and wars between nations. To what extent was his view valid? ' 

What is the "fit" of science in modern Western culture? Is it indeed gn inte- 

gral part of this cul.ure? Has its relationship to traditional culture. changed? 
: Ss ‘ : 


Cafwe explain sO of the characteristic differences between past and pre, 

sent Western cultures as consequences of the roles played in the culturaby 
. science? If so, could:we ‘extend this analysis to other cultures? 

What explanations have been advanced for the growth of scientific thought 

in the West, in contrast to its delayed or-arrested development in China, In- 

dia, the Islamic world, and Africa iy 


2 - 
al 
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“You may recalla cqnviction--common afew yearsago--that science can only 
‘ develop ina "free" society. How would you evaluate this view? What kinds 
of secieties do you think would be favorable or unfavorable to science ? 
Jacques Barzun argues that science has taken upa role in this culture analo- 
gous in many ways to that of religion in medieval times. Does this analogy 
seem reasonable? In what ways might it be misleading? 


Is there evidence that the amount of superstition in society (betiefs in things 
that are not so) has remained relatively constant throughout historic time, ard 
that science has merely changed the things abou, which people are supersti- 
tious? Would thé G.N.P.as indicator of economic health be a superstition ? 
en oes ; 
Do the following statements illustrate "scientism"? (@) science 1s the likely 
source of technological answers to all the problems: of society; (b) science is 
the model for all types of investigation or a eT Are these views 
reasonable, or should they be qualified or denied? ° 

a 


cae , 
9. . Science inthe abstract has sometimes been described as anti-cultural . Why ? 


How does this view of science relate to’the "two cultures" controversy? 
C y 


oa 10. + What significance do the following terms have in relation to science ? 
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, @. Planned Parenthood c. Relativism e. Human Engineering 


"+ wiag Psychoanalysis 4. = d. Technocracy * f, Christian Science 
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TOPIC 03 SOCIAL NMPACT OF SCIENCE AND TECHNOLOGY 


Until the @fth century, the impact of science on society was largely distinguish 
able from the impactof technology. Since prehistoric time, technology rather than. 
science has shaged man's behavior and his institutions. Technological’ innovation, 
as illustrated by such events as the beginning of agticulture, the discovery of the 
wheel, and the working of metals, has repeat€dly' revolutionized social conditions. 
But throughout most of historic time the influence of science has been confined to 
the beliefs of small numbers of highly literate or inquisitive individuals, and its , 
effects have been slow and accumulative. - - : 


During the latter half of the 19h century, scientific discovery and technologl-* 


‘cal innovation increasingly becamé -interdependent. Since 1900, it has become 


difficult to distinguish precisely between scientific and ‘technological forces for 
social change. The revolutionary developments of the present era, in atomic‘en~_ 
ergy, in‘communications, ifmedicine, in automation, are technoscientific. They 
are applications of advanced scientific thought and sophisticated technologies. 
Althou ir impact upon socjety may or may not be asdecisive as those eailiest 
technological innovations that enabled man to pass from prehistory into historic 
times, their combined power to change institutions, beliefs, and practices is very 
great. ‘ 

In the technoscientific society of the 20th century, technology appears to dom- 
inate science... Explanatignties in the direct applicability of technology to prac- 
tical affairs. Technology directly serves economic, military, and civic purposes. 
Science informs the mind, but usdaNy must be translated inta, technology before’ it 
can charge the external characteristics of ace 

The influence of technology on sociéty has ican the subject ofan extensive and 
critical literature. A major theme is the automatic and’se ugmenting character 
of technology; dealt with most explicitly in The Technological Society by the 
French sociologist, Jacques Ellul. The inevitability of technological development 
under favorable conditions is widely accepted and vigorously disputed. The issue 
is the extent to which societies of'men can control and direct their sctentific and 


. technological development. -A strong trend toward technoscientific determinism 


characterizes contemporary thinking and is especially prominent in technological 
forecasting and in’science fiction. , 
But reaction against the doctrine of technoscientific inevitability has been grow-. 
ing, especially in advanced industrial societies. In its more constructive phase this 
movement is towarda more selective use of science and technology to shape a de- 


sired future instead of acquiescing ina future shaped by their uncritical applicay 


tions. oe 
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TOPIC 03 SOCIAL IMPACT OF SCIENCE AND TECHNOLOGY 


. 


Selected Basic Readings: 


Branscomb, Lewis M. "Taming Technology," Science CLXXI (March 12, 1971), 
972-977. ae ae 


Brooks, Harvey. "Can Science Survive in the Modern Age?" Selenee, CLXXIV - 
(October 1, 1971), 21-30. 
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Carroll, James D. "Participatory ail al Science, CLXXI (February 19, 
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1971), 647-658. , 
Mesthene, Emmanuel G. "Now Technology. Will Shape the Future," Science, CLX! 
haa 12, 1968), 135-143, - 


Weinberg, Alvin M. “In Defense of Science," Science, CLXVII (January 9, 1970), 
14]-]45, 
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Supplementary and Substitute Readings: ° ; % 


Daddario, Emilio Q. "Technology and the Democratic Process," Technology Re- 
‘view, LXXIII Guly-August, 1971), 18-23. 


DuBridge, Lee A.’ "The ‘Social Control of Seisnce™ Bulletin of the Atomic Scien- 
* tists, XXV (Mey, 1969), 26-28; 35. 


Ellul, Jacques. "Technique, Institutions, and Awareness, " caneiesn Behavioral 
Scientist, XI (J&ty-August, 1968), 38-42. ee 
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Glass,H. Bentley. "Science: Endless Horizons or oon Age?" Science, CLXX! 


* {January 8; 1971), 23-29. 


Hugh=Jones, Edward M. "The Impact of Jechnglogical Change," Advancement 
of Science, XXV (September, 1968), 23-29. = 


Wolff, ae "The Impact of Society on Science, " American Behavioral Scien- 
tist, X (May, 1967), 2-7. ‘ ‘ 
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TOPICAL OUTLINE 


Distinctions between the Effects of Science and 
Technology, and Their Significance 
A. Common effects  * 
1. Initial effects not necessarily.same as 
ultimate effects 
a. Darwinian evolution : 
- b, Internal combustion engine 
c. Antibiotics in tropical countries 
d. Outer-space exploration 
. Individual effects’ not always’ predictive 
4 of synergistic effects ' 
3. Technoscientific oe frequently 
* incur unforeseen cts owing to: © 


= 


a. Preoccupation of innovators with 
the target to the neglect of side * 
effects — 2 
b. Lack of adequate testing and - 
"analysis of possible consequences 
° (CF. Topic 13) 

- Influence of science and technology 
may be changed as readily. by emergent — 
forces in the environment (e. g., com- 
peting forces, theories, or technologies) as 
by intrinsic properties of scientific ideas - 

‘ or techniques themselves 

B. Differences in the effects of science and 

technology 

1. Science tends initially to affect the mind, 
e.g., attitudes, beliefs, perceptions of ° 
people; and afterward indirectly to in- 
fluence their behavior. Examples: 

~Freudian psychology: psychiatry; 

aMendelian genetics: plant breeding 
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a, , Technology tends initially to influence be- 
havior, and later indirectly to affect the 
explanations for the behavior through theory 


a. Birth control devices: "new morality" 
b. Television: "the medium is the message" 


~ 


Il. Emérgence of a Technoscientific Society 


A. Conditions conducive to the dominance of 
technique eer (after J. Ellul) 


‘1. Facilities for communtcation and transpor- 
tation 

2. Widespread literacy and information 

3. Development of artisan or mechanic skills 

4, Economic margin beyond subsistence 


5, Concentrations of wealth and population . 


_@6, Innovative or entreprenurial motivation 

7. Growth of a middle class 

“8. Breakdown of social barfiers and commine! 
integrity ; s 

9. Social and intellectual fluidity 

10..Complex orgagizutional techniques 

11. Tolerance for cdmplexity and uncertainty | 

12. Cooperatton for non-personal ends 


1S Freedom of inquiry 


B. The emergence of the technosclentific society as 
: a phenémenon of “critical mass" or chain reaction 
lul's concept of "technological " 
a. AUtomatisn® 
_. b. Self-augmentation 
eo. Monism 
‘ d. Technical untvérsalism 
2. Technology as an aspect of the explosion of 
‘ knowledge and a factor in the emergence of 
a world society 
3. Factors affecting the transfer of technology 
(Cf. Topic 13) 
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12, 34, 162, 76, 
87, 139 
8 - 

34, 157 


5, 81,82, 137, 
142, 155, 157, 
176 


32, 43, 86, 118, 
155, 187 
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136 
89, 116, 127 
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C. Effects of accelerated and unbalanced techno- - 
"logical change a 57, 114,115, 153, 
eo 155, 180, 182 
1. "Unbalance" or "imbalance" in technology 
and normative concepts ; 
a. Fact of imbalance dees not necessarily 
2 imply adverse effects 
b. Imbalance sometimes sought as a change 
agent, especially in developing “ 
countries (cf. Topic 10) 
. Political institutions need to be re- 
structured to cope with technological 
change 32, 52, 151 
2. Adverse “affects of technological imbalance 
are fredUently _ 42, 145, 164, 
; 173 : 
a. Environmental - , 41, 49, 54, 78, 
150,154 
b. Esthetic 56, 182 
c. Psychological . / 103, 131, 182 
d. Economic “ 27, 44, 56, 163 
3. Possibility of leveling-off « af. sefennitie growth  —s-_- 40, 124 


Ill. Implications of Technoscience for Society 15, 16, 29, 77, 
. 79, 83, 125, 126, 
128, 160, 166, 
174, 176, 181 
A. Social trends ifiduced by technoscience 39, 45, 72, 119 
1. Power, wealth, and knowledge tend to ; ? 
become inter-convertible ~ 60, 107, 150, 
172 
. Physical means for communication Increase, 
but specialization a ec mutual 
understanding . . 53, 149,159 == 
‘ pea of the growth of knowledge: 169, 183 
; Increases obsolescence of pce eeae: ‘, 
“and skill 
b. Enlarges the frontiers of ignorance ae 
c. Necessitates continuing reeducation il 
. Distribution of knowledge becomes more . 
specialized and uneven, necessitating cooper- * 
ative or systems approach to problem solving 
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5. Through government and research, means are 
sought to cope with the social instabilities 
induced by teclinoscientific change 
a. Cagpensation for technological 
displacement of workers . 27, 44 
b. Technological forecasting to prepare: 
for technological change (éf. Topic 13) 18, 59, 62, 66, 
. : 99, 113, 133 
‘c. Biotechnology and human engineering 
to accommodate technology to man and , 
man to technology ‘ 2, 68, 160,179, - 
. 4 . 184 
‘B. _ Requisites for control of science and technology 
* in behalf of human welfare ; ' 10, 30,-71, 75, 
*. 85, 93, 101, 
106, 133, 135, 
148, 173 
\. High level of public rationality ° 
2. Ingimase in scientific fiteracy 
3. effective syntheses of knowledge. 
4, Lifetime duration of educttion and training’ 
5. Improved system for making policy choices 36, 66, 69, H, 
96,102,109 ° 


Ps 


6. Clarification of ethical guidelines consiapant 
with scientific knowledge 145, 151 
7. Means of assessing and forecasting the effects 
- of technological change (cf. Topic 13) "38, 61, 79, 135. - 
. Reasons for increasing disenchantment of the public ~~ * 
with science and technology . . 3,7, 9, 20, 26, 
63, 70, 73,/80,. 
90, 100, 103; ; 
119, 11, 121) 
ee 155, 156 
1. Development of powerful nuclear, biological, ; . 
and chemical weapons based on the latest 
science and technology 7 13 
2, Apparent inability to solve social problems 
such as the plight of the cities, crime, and» ; 
the use of hard drugs _ ° 21, 51, 677 
3. Pollution of the environment seen as a oe. 4 
necessary result of the use of technology 74, 95, 154 
4. Feeling that the benefits of science and : i 
? and technology have not been commensurate with 
the vast sums spent on them ‘in the last two decades 98, 130 
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Is this an invincible thests? Are there 
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ial innovation to. match the pace of technological innovation? If Ellul is , 


correct in asserting that technology shapes society, is it feasible to seek a 


non-technological countervailing force ? 


Is it possihle to introduce techriical change“without destroying cherished be- 
liefs and, patterns of life? 


Isdeltberate and considered seairel over the direction of scientific and tech- 
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nological growth possible or desirable ? What would be the principal dan- 


gers? What would be the necessary conditions for effective sogial control ? | 


For control that is also socially beneficial ? 
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. ‘ In jeciwalaeieal societies, Work is increasingly sldnned! ond dicectad by pe ae 
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“ ¢ sons with special” competence jn.science og technology. In these secieties g 
inginumbers-of peopte are emplogged in scientific and technical activities 


toe ..4 loras, number of new ale ee, occupations have arisen goad + & 
iv 7 rm bs * 
- a ~ Itis difticaT Miyascribe sciéntific work by ae a en Sistictions . 
= among the several types, of scientific workers are as much ‘culturat as functional .. 
aa Historicab usage has differed affiong countries, so that we cannot use the English ” 


‘ word "scientist", or its nearest counterparts in other languages, fo*classify. a group 
es ; of-scientific workets that informed pegple eyetywhere wouldrecognize as an iden~ 
. .* tical occupational grouping. For example, the Russian nearest equivalent. to the ° 
word "'scientist" is applied to a wide range of scholars,. engineers, amd advanced 
bio ecco ag d technical personnel, who are not customarily classified as scfentists 
oe ' : aes tates or WesternEurope. The American teadency has beento restrict 

oS the deskgnation "scientist" to the physical-scieaces and,to those fields of biology 

i - most closely related to physics ond chemistry With.the, posMble exception ofphys~ 
‘: ‘ feal anthropology, which:uses exact measurements, social and.behavioral science 
professionals'are classed as scienti€ts only i in a: qualified sense. But regardless of. 
: designation, the knowledge and competence of teclinosclentifi manpower has now | 
a. becomé a major ecohomic resofrce for national governments. In m@tfrn national - 


“i states;: peblig expenditures for education ‘and training ingggience and technology . 


arei reasingly viewed as public investments . Inthe teqt scierttificsuperculture, . ao 
vA wealth and power gre ay frém knowledge and perforpance effectiveness, . 
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“ . * e : 
Fromyjts very begjnnings cere cience has "been an entetprise of associations ~ 
well #Sof individuals .- Soon cMg shoot work is today highly organized, _ 
fisds means for professional commynication *i in the thousands of scientific.and 
te&hnical journals, cohgresses, symposia, aid proceedings of scholarly meetings. 
#. The dissemination, storagé, and retrieval of scientific and technical infosmer on 
me ° -ha’s Becapie: one* ofthe. most distinctive and essential tasks of modern society .2 
7& { Seqpntite work is increasingly carried on throygh: institutions for research and de- 
= « velopment and through large yale ‘cooperative -programs’ For mgre: detail On it 
iar = ry stitutional aspects of rience Be Topics oF, 12, and IS. : 4 . 
eo « =" : oe oe ; 
2 4 “AS organtiied forces: of, information aid respected opinion, the éclentisisend 
ris related professional associates influence péblic policy’ for science and tgoh-. 
ology. Accustomed fe evaluating evidence on a basis ofglemonstrable fact rather 
‘+han on the basis of popular preference, they sonietimes find themselves in conflict 
. : + with political values. The proper role of scientists inthe politics of modern societies. 
eS . has aroused special interest, for it seems ¢ertain. that science will be involved i in 
eg ways with the politics of the dasha a ot ge 24 ys 
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68. | ' Science and Technology as Social Forces’ - J fy ee 
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rd . Priad 
my oe Selected Basic Readings: = } ‘ a |. ote 
- 7 . 7 7 oot F : a, 
+ Beer, Joha’J. and W. David Lewis. "Aspécts of the Bf fessignalization of Scie af 
- ence," Daedalus, CII (Fall, 1963), 764-784. . n 
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, ‘Carter, Allan M. "Scientific Manpower for 1970-19 985," Science, CLXXII A- : 
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_ |. Scientific and Technical Manpower in Modern Society 38, 68, 251, 


_ ; 260, 277, 307 
A. Growing number and importance of scientific 
He technical occupations 
Science-based technology supersedes art, + 
Get and tradition 
. Industry, from the Industrial Revajutton 
b. Warfare and defense 
c. Agriculture 
d. Transportation 
e. Consumer services and goods 
2: Increasing social and economic dependence 
on new dod highly interdependent science~ 
based technologies : re 
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“B.. Scientific and fechnftal manpower as "capital" 
\  -assets c 7 - 171; 200, 232, 
: . ¥ . a 264, 265 
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’ ay 254 
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oot 210, 268, 269 
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ly Example:: old idea of the "Three Professigns": ; oe i 
theology, Jaw, eahd medicine =‘ . 75, ae 4, i 
2. Standards of prepdfition and work ; "ekg B a 
3. Professional ethics -e + 198, 272° - 
4. Contrast with amateurism . : 181.’ 4s ; ; 
~ = * a er wees ° ~~ % E yk . , “la 
: B. Science-baséd occupafions.and professions *- ~ - , “eg e:- * 
- 1, Medicine and biomedical technologies J ‘ 
2, Engineering specializations eee 223. 
3, _ Education and training (Cf. Topic 05) ne ee ae Pe 2 


4. Social-psychological specialization 4 
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ase 240, 2 a. * — = 
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> os 201, 203, 306 . 
: \ . "2. Popular images of scientists ; . 10, 134, 195 4. 
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5.‘Technicians:in the sciences 200% ; 
« - - 
: IIL. Scientific and. Professional Societies--Organized , oe te ; 
Scientists =areellustrative survey ; 30, 56, 161, 
F = "219,240,257 = 
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- Prototypes: %, 4 273 é 
_ 1, Accademia Seqgetorum, Natorel<oNeples: 1560 . oo 
"2. Accademia dei Lincei~+Rome, 1603. °. toe ‘ 
. - 3. Accadgmia del Cimento--Florence, 1651'  ~ (, , 
w 4, Royal cg landen, 1662 ' hy 
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(3yAmericion Physical Society 
~ (4) Geological Society,of mmericd , 
“b. Biological 
(1) AMPican Physiological Society 
% American Sgciety for Microbiology 
3) Anterican Society of Zool ogists 
a Ecological Society of America 
, * @. Behavioral and sdcial oe 
ok (1) American Anthré$élogical Assoctatién 
? . ’ _ (2) Américan Psychologiéal Association 
(3) American Econprttic Association 
* (4) American#olitical ‘Science Association 
* (5) Americgg Sociological Associdtion ‘ : 
d. Science-telated techniral and professional 
(1) Amerigan Association of Petroleum. 
7 Geologisé . 
Américan Forestry Association: ° 


ry « a 
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) American, Medical Assotiation ~ 
* (4) American Society of Civil Engineers 
) Institute of Etectcah arid Electrartics 
‘Engineers , 
2. Federations of scientific societies . 
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i - ‘National ; -USA . 
- (i) American Association for the Advance 


* ment of Sciende 
(2) Ametican Institute of Biological 
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“ Sciences — 47, 312 i 
» (3) American Institute of Physfei on »% 109 
_— ' (4) Engineers Joint. Council - ,. * . 
» “bf Internationa! unions and adic iations ‘42, 289 a 
- (1) International Council of Scientific a _ yt 3 
° - , | Unions |: -, a 21> 4 7, 21; 27, 292 7° 
or .(2) lnternational Union for’ Conser-  * : : gh 2 
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Political Action (SESPA) _ (178 OO : : 
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‘ 7 London, 1665 - , . 
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4. Public Issues and policies in science, e.g., 
Science and Public Affairs: Bulletin of the 
Atomic Scientists, Impact of Science on So- 
ciety, Minerva, Environment, New Scientist 
.and Science Journal 


D.»~ Other scientific. publications 
T. Transactions af learned societies and of sci- 
. entific’ meetings--symposia, colloquia, pro 
~ ceedings , 
2. Réports and investigations by ppofessional 
scientific groups as individuals--including 
* government documents, e.g., repongof panels 
of the President's Science Advisory Committee, 
National Academy of Sciences, ard Congres- 
sional inquiriesignd hearings 
~3” Abstracting and citatign’systems and services, 
e.g., Biological Abstracts, Chemical Abstracts, 
Current Contents, Nuctear Science Abstracts, "=~ ; 
_ Science Citation Index 49, 73, 140, - 
a 144, 225 . 
4. Monographs and systematic works 
_@. Single-guthor works, 
b. Multi-author works + \ ; 
c; Textbooks, ~~ ~ 
. d, Dissertations--published and unpublished 
5, Encyclopedic work’, @.g., Encyclopedic of the 
' “_. Social Scienges, Handbook of Physio ogy 
6. Manufacturers’ technical publications - . 
a. House orggns : 
b. ercenures ik pamphlets 


Some growing ables ofcientific publication 
as a means of communication and information ‘°°. 29, 115, 146, 
2 ops “ae 206, 208, 212). ° 
ee oa © 213, 258 
Tie quantitative problem» ; 128, 194, 266,, 
. 6 293 
s Increase in the numbers of specialties . eo « 
~*~ and specializedpublications ae % 
lb. Volume of researcheeme publications oN 
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2. Timeliness--the importance of conespondance. 
3. The referee system 
“ . 
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and Word-of~mouth ‘in rapidly develipping fields 


tion in research and in languages 


‘270 
4. Semantic difficulties growing out of specializa- 


5. Jnformation search, collation, and retrieval 
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systems~-aids in the management of knowledge 


1,6, 17, 21, 27 
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37 44, 57, 73 
Institutionali zation of Scientific 


, co 
108, 109, 110, 
143, 163, 184 
291 
ee Topics under Section Il->''T Organization of 

cience and Technology”) , 234, 266 
A. Types! of institutional structures (USA) ° 

: 1. Non-governmental institutions established 

* by scientists 
a. Institute of Ecology, ; 235° 
, bs Salk Institute © . 7 
«Hudson Institute — , 
(s 2. Not-for-profit* research and development - 
< portions J * 53, 187 
. Battelle Memorial’ Institute 
: b.,Rand Corporation 202 
, _ 62 Brookings Institution . 
3. Industrial laboratories : 
a. Bell Tedgphone Laboratories ‘ 
' b. General Electric Knolls Laboratory’ 
; Sy 1BM Watson Research Center ° 


’ 4. Government bureaus and Iqboratories 
(CF: Tdpic 06) - 


a. National’ Bureau of Standards: 


b. National Oceanic ‘and Atmospheric Ad- 
ministration (NOAA) © 


(CF. Topic 09) 


261, 297, 301 
z 
= ¢. Argonne, Breokhaveli Los Alamos, dnd ig 
Ridge National Laboratories 
5. Ad hoc and cooperatéve programs 
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od 


40, 45, 295, . 
296, 7 297, an 
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~B. Problems of institutionalized work ‘ : : 
: " (Cf. Topics 11 and 12) / 25, 240 i 
1. Facilitating scientific creativity ; . 
(CF. Topic 15) * ; 300. 
a. Fostering a climate for. creativity | ' ” 275 
b. Promoting mylti-disciplinary synthesis , 302 
2. Protecting integrity and objectivity of ° ; 
science from * , 39, 87, 226p6. 


: 241 279 
a. Political interference ; ‘ 
8. Bias or irresponsibility of scientists 
3. Meincning Jontnsng ee of research 


* institutions 4 290 
a. Program obsolescence in 1 mission-oriented : 
patios q 137, 164 
b. Fagonia! Yaclecencs in scigntific work i. * 
: (Cf 05) - 52 
_ 4. Obtaining adequate financial support : 
a. Effects of government appropriations ) 
policies on continuity and quality of a 
scientific work 256 o 
. 5. Effects of recourse to private funding 
A (1) ladustrial 
; ; (2) Philanthropic . 
: . c. Problems of epdowed research 
a \ 
. a « ¢ r * 
bee se Wi. Science Professionals in Technological Societies ; 19, 33, 60, 61, | 
- : . 68, 75, 91, 153, 
; a . , 186, 218, 220, 
: . 8 ; 229, 230, 282,: 
A ’ 284, 307 
A. The status of ssience professionals : , 70, 94, 97, 101, 
. | Ry. - * YAY 263, 267 
2 4% . . Elitism- --reql problem or asijectiva phobia: — 228 
a, a.-Thé "New Priesthood"==concept and 
.- * _ _ criticism : . . 247, 249 
a <* b. The technocrats 
‘¢. Distinguishing ¢haracteristics of a- " ~~ 
a scientific elite group 240, 286 
; ‘ds The contrasting’status of scfentists, $ 
eld engine, and technicians "— . 59, 62, 107, 139, 
; . 189, 231, 250 
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2. Relation of science professionals to - 
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a...Other occupational groups 

b. Public.officials--legislators and judges 
*c. The news media (Cf. Topic 0)) 

d. The public at large ( 
__e. Each other i 


q. Govergment laboratories ; 
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Cf. Topic 01) 


b. Industrial research and development 


~ ¢. Hospitals 


d. Military organizations 


a. Academia 
b. Government 


Cc. 
. The s 


. Scienc 


Industry 


. Varied roles of the scientist in.- 
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cggntist as administrato 
Seceniccss in public affairs 


(See also Topic 11: The Politics of . 


a. The scientist as politician: 


Science and Technology) 


“(T) In partisan affairs 


(4) As consultant and advisor 


b. The social responsibility of scientists 
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- (3) Defense-oriented reséarch 


(1) Role, in international affairs 


(2) The "Pugwash" syndrome , 
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(See also Topic 0% 
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25, 51, 216, 239 


14, 205 
32, 150, 243, 
306s 
» 
13, 89, 113, 
190, 231, 274, 275 


137, 244, 300, 
301 | 
118, 248 


148, 77, 92, 188 
28, 127, 262,° 
267 
46, 100, 188 


26, 76, 95 


31, 87, 120, 158, 
204, 226, 228, 


239, 241, 304 


116, 130, 147, 
238 
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_ 2, 26, 246 


24, 39, 64, 79, . 
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‘112, 167, 182,, ° 
/ 214, 222 


50, 70, 83, 84, 
103, 104, 106, 
123, 174, 185, 
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156, 170, 172 
173, 180, 280 
16, 66, 71, 88, 
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162, 279 - 
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(4) Politically "sensitive" topics, e.g., ‘@ 
crime, intelligence, poverty, race me 
(Cf. Topic 14) - . @ 
(5} Guidance for public ond official / 
opinion provided by scientific . 
3 - societies and institutions - : 159, 183, 219, ~ 
_ oo 241, 282 . 
(i) Center for Science in the — 
- Public Interest 99 
: (ii) Institute of Society, Ethics and 
. Og ; ’ the. Life. Sciences ' 35 
C. Some problems of science professionals in ~~ f 


technoscientific societies 133, 149, 227 
1. Dependence for financial support on a ; 
source (the state) which is frequently 


> changing its patterns of funding 90,299 
2. Excessive secrecy in many governmental - . 
4 and industrial organi zafions . 34 
3. Prestige and remuneration*in some fields, e 
and not in others ; - 250 an 
4. Acceptability of political views of 
, scientists for many top jobs in government . 2s 
5. Conflicts of loyalty, and ethical problems ge 
e.g., in "defense = oriented research 131, 199 
6. Race for priority in important fields of ) 
: research =" 74, 133 
* . +7. The ‘pressure of "Publish or,Per ish” 18 
43 , 8. Keeping up with new knowledge in , . 
: fields ofinterest- >, : . 96,270 
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LEADING QUESTIONS ~ 


* 


* ° 5 - \ 
1. Why is science as a profession saniimes compared toa priesthoad? Is the 
_ analogy’ in tny sense valid? What does it mean? 


‘2. Are there discernible elements in scientifié work thet tend to cause.scientists 
to react in predictable ways to social issues? -For example, are there partio- 
ular social attitudes or viewpoints associated with sciente or with particular 
sciences? ; . 

‘ e 
“How de) you explain recuntelt surpluses and shortages among sqientists and 
engineets? What policies would be required to avoid repetition of such 


occurrences ? 

¢ 

What consequences follow ‘from the naivete of certain prestigious scientists 
regarding mass social behavior and a paralleling naivete in society generally 
regarding the character and capacities of scientists ? 


»? 
’ 


Why has the employmapt of scientists in government ogcasioned so much study” 
and concern? What have been thé principal complaints of the ;government 
scientist against his employers? Of public officials against some scientists? 


What changes, if any, in the education of scientists and technicians would 
improve the quality gf their contributions to s¢ience and to society?. If 
changes. are intlicated, how might they most effectively be uence 


7. If scientists who leave scientific work for ddministrative edvicey responsi ~ 
bilitiedare still considered’ "scientists, " “why are science-trained physicians 
and‘ engineers not considered scientists, even when they are actively using 


scientific knowledge amd methods? . 


Bias al ebiaint is the problem of commuhication among the science occupations 
and between them and other occupational groups ? What, if anything, can 
be done to alleviate the cinflculsles«¢ 


é 


Should their participation increase in the formation of goals and priorities 
What contributions are scientists making to international policies for scienc 
and technology? . . 


er 


, ae - . a 8 ‘ 
: ; y TOPIC 05 SGHENCE, TECHNOLOGY, AND HIGHERIEDUCATION- ‘ 
7 ,Man's knowledge of reality. ‘is both personal and social. The growth of civi- 
lization is measured by the accumulation and organization of knowledge. Con- 
temporary man may have no greater intellect than did the man of Cro-Magnon. 

But he ‘possesses an accumulating and transmissible culture that extends his know- 

‘ ledge far payone direct parse experience tS _* . 


The organization sk incwicase into a€ademic disciplines, or bodies of informa- 
tion and method called sciences, is artificial. The sciences are convenient ways 
of .structuring knowledge, but the structures are constantly under stress as the ee 
stance and significance of knowledge change. A major task of higher edigcation 
in the techndscientific age is the reorganization of knowledge. .Two contrasting 
processes ‘characterize the expansion of scientific knowledge. The first is special - 
ization. Sciences such as chemistry and microbiology have been subdivided, into 
ever mare specific fields of specialization. The second is synthesis. Hybrid sci- 
ences, such as biophysics and geochemistry, form new specialties qut of fuslons be- 
tween previously established sciences. And broadly inclusive synthesizing sciences 
‘or s¢ientific concepts, such as ecology “or general systems theary, move toward the + 
integration of scientific knowlédge. and the systematic aluetncng of the unity of 
sciences . 

The expansion and specialization of scientific knowledge ° erected difficulties y, 
in the education of scientific workers and of citizens generally. For example, how 
much understanding of traditional culture, or of nonscientific cohicants and values, 
is it desirable for scientific workers to possess ? Particularly in a self-governing 

. society, is it enough for scientists to knéw science--or should fhey 4now more to 
be effective as citizens or as fully developed human beings? And jna technosci- 
entific society what do citizens need to know about science and technology? 
Can the great powers inherent in technoscientific knowledge be effectively con- 
trolled or responsibly used in a society in'which the mass of the people does not 
.comprehend the nature and implications of science or pe hecnnology y. 


4 


By t ve lotter half of the 17th century, the power of science Gnd technoldgy to 
serve the'interests of the state had begun fSbe.gercei ved in European governmehts ., 
pv Official patronage o of science and technology began with the establishment of a~- 
cademies and, in the 19th century, was expressed in the founding of advanced 
’ schools of technology (e.g., les Grandes Ecoles in France) andby public financial 

. "support for faculties, institutes, and laboratories for scientific training and research. 
By mid-20th century, education for scignce and teéhnology had become a major 
commitment in all technoscientifically advanced societies and was promoted ane 
assisted by international agencies. 
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eee eee F 


Ben-David, Joseph. "The Universities and the Growsh of Science in enna and 
tHe United States, " Minerva, VIE Autumn and’ Winter, 1968), 1-35. 


Bevan, William. "Science in the Universities in the Decade Ahead}" American: 
Bali i eld 


Sctentist, LIX (November ~-December, 1971), 680-685. 


Seitz, Frederick. "Science, thé Universities, and Society," American Scientist, 
_LVI (Autumn, 1968), 288- 297. ’ 


Weiss Paul. "Sciencein the University," Daedglus, XCIII (Fall, 1964), ), 118@ 1218. 


ies John T. ."A Dilemma of’American Science and Higher ny ee Policy: 
The Support of Individuals and Fields versus the Support of Universities," Min- 
erva, IX (April, 1971), 171-196. » 


Supplementary arid Substitute Readings: 


Brown, Gordon S. "Can Universities Fulfill the Challenge of Relevance?" Tech= 
nology Review LXXIH1 py seker everett 1970), 25-31. , 


Ferdindnd, iste N. "On the Gisietace of Scientists and Engineers, "A-- 
merican Scientist, LI¥ (March, 1966), 46-56. ; ‘ . . 8 
—_____4—___! ; E 


' 
Handler, Philip. "The Federal Government and the Scientific Community, tS ereice, 
CLXXI (January 15, a) 144- Is 
Kash, Don E. "Research and Sevciscnei at the University," "Science, CLX 
(June 21, 1968), 1313- 1318. sa 


> A . , N ot 
‘Todd, AlexandepR. "A Time to Think," Advancement of sclenge, xxv (Sep- 


tember, 1970), 1-6. t 
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3. Behavioral qad social 
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1. Fission and fusion in the ‘house ofécience” 
2. Emergence of technoscientific professiond . 
education . F . 
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+ a. Biomedicine 


~  b. Agriculture ta 
c. Engineering me 
d. Social work f 


e. Law enf@rcement _ a 
f, Administration 
g- Education and training 


3. How interdisciplinary and multi disciplinary 


fields emerge _ . 
P . 


C. Need for general sefentitic "literacy" and 
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effarts to meet the need in the university ° 
curriculum Ps ihe 
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The‘social content of techrfical education-- 
the growing imperative for "social Aiteracy" 
among scientists, physicians, and tngineers 
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Mee Relation of Basic Sciete. to Applied Science and 
Technology in Higher Education 


A. Science jeahe academic tradition - 
a . 


Yr. Humanist objections to science and 
“technology . 
- Scientist's ayersion to tests of practicality * 
Bey Role -of sciénce in general education 
B. Public response to the need for ddvanced 
technoscientific education 
1A European example --the eect technical, 
schools .of France 
2. Some American responses 
a. Morrill Land Act 
b’. Medical education | “ 
. Sea Grant Program 
d. Intergovernmental Personnel Act | 
a Technical Institutes | i 
a. Massachusetts Institute of Technology 
b. California Institute of ‘Techriology 


Cc. Problems of spactultettions veda and breadth ~ 
in scientific and technical education o 


; « Rapid obsolescence of Information 
_ 2, Over-spetiatization ° 
* Identification of ralevance '— 
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III. Interaction amorg the Disciplines in Higher 
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7.3. Overcoming technical and informational 
obsolescencé; the growth-of mid-career 


education~sa third fevel in higher education 
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, 4. Recording and retrieval of information 
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Influence of the "natural" sciences in the 
a and behavioral sciences ‘ 


. Underdeveloped study of the biological 
basis, of human behavior--effects upon 
anthropology, economics, ané political 


science 


- Influence of physical science concepts 
~ and methods on biology and the social 
scienc&§s-thé relevance of quantification 
3. Need for integrative concepts tnd more 
¢ — fruitful approachés to the study of social 


+ kehavior 
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4. Emergence of science policy and environ- 


mental studies as fields combining the natural 
and social sciences 


—— 


Scientific concepts and methods in the arts and 
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apd (a continuation of Topic 03) 
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accoustics 


2. Scientific technology in the graphic and 


plastic arts | 


3. Scientifle technology in archaeology and 
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Cc. “influence of the sciences in *elationshi ps among 
professional disciplines--their manifestation in 
teaching and research 
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‘in prevention and detection of crime) 


Law and medicine (forensic medicine). 
Physiology, psychology, and engineering 
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higher education and economic growth 
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- Location of universities’and research 
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. Closer ties between high-technology ° . ® 
industries and a¢ademia . _ 


. Growing investment of national, government — 


in higher education, especially through aid 
of scientific research rf 
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LEADING ailesnien 
A 
What are the distinctions usuallys drawn between scientific and teghnical ed- 
ucation? Are these distinctions valid ?”Can or should scientific and techni- 
cal education be kee separate ? 


What has been the history of government support for education in science and 
fortechnology? In the U.S.A.? Inother countries? What seems to be the ex- 
planation 4 these iin ta of support ? 


In what ways have science and technology contributed to the organization ond 
methods of higher education ? “Can, you cite specific exdmples of scientific 
instrumentation, information handling, teaching methods, and tests and measure - 
ments ? 


; : : 
Why has scientific and technical education come to be described as "the 
knowledge business"? ‘What is the explanation of the growing relationship - 
between advanced scientific and technical education and economic growth? 


, What changes in fundamental education would be necessaty to produce a 


"Third Culture "society ? What would be necessary to achieve = changes ? 


What evidence,’ if any, indicates impending changes i in science education in 
the United States? What'appears to be the nature and direction of the trends ? 
To what extent. i is specific governmental action involved? . 


It has often been claimed that the importance given to telkarch on the cam~ 
puses has led to the neglect of teaching by faculty members’ Do you think it 
would be in the interests of the students if faculty research were telegated to , 
a secondary position? 


If you were compiling, a list of science experts to be consulted in thi course 
of an archaeological "dig" in a city occupied more than 5,000 years ago, 
what specific fields of scientific expertise would he included? 


Does application of scientific.methods to the arts and humanities destroy their 
special character and value? E.g., has textual criticism undermined the 


- scriptural basis of religion ? F *- 


How. would you answer the question posed by Kenneth Boulding: | "Dare we . 
take the social sciences seriously ?" ; 
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~ THE ORGANIZATION OF os 
SCIENCE AND TECHNOLOGY - 


. 


The five topics in this section examine. the way in which the 
technoscieptific enterprisé of modern society isfut together. But 
because the context within which this section is placed is one of 
public policy (rather than of industrial or economic development, 


for exampje), ifs emphasis is upon the machinery of government= ° 


science relationships. In other contexts, the relationship of science 
and technology to manufacturjng, commerce, or agriculture might 


be given comparable emphasis. Organization of teghnoscientific ; 


enterprise isbest described where it has been most deliberately and 
elaborately developed. And asthe Topics are designed to assist 


‘understanding of the problems and processes involved in ‘public . 
policy for science and technology ,andnot to describe all possible : 


government-science relationships, attention has been focused on 


five major but contrasting nationcl systems+=those of the United © 


States, the Soviet Union, the United Kingdom, France, and Western 
Germany. Several other national technoscientific systems might 
have been qdded, but their study would have contributed relatively 
lesstoward the objectives sought in this séction. The structure of 
international scientific cooperation is described, and it is inthis, 


global context that the future of public policy for science and .. 
technology will inevitably, in large measure, be placed. A 


special aspect of the international character of science and tech— 


nology is the concluding topic in this section--Technoscience’ in, 


the Developing Countries. - 


t 
*, 


; TOPIC 06 SCIENCE AND GOVERNMENT: THE UNITED STATES ° 
~ 


= 


Sélient characteristics of the organization of science in the UnitedStates have 
been (1) autonomy, (2) diversified foci of decision: on public policy for science 
and technology, and (3) growing interrelationships with government-and industry. 


Extensive governmental involvement and leadership in public policy for science 
and@chnology dates from World War Il- Although there had a continuing 
sponsorship- of sciencé by the federal government since the adm#Mistrations of ° 
Washington and Jefferson, the Congress and the statesremained largely apathetic < 
The scientific activities of government in the United States-were directed primarily 
toward practical ends such as aids'to navigation, | the exploration c of | the west, ang 
the setting of scientific and technical standards -~ : 


: 
‘ 
~ 


va 


- During the Civil War, however, the federal governmentassumed a more positive’ 
posture toward applied science. In 1862 the first Morrill Act set*aside public 
lands for the support of higher education in agriculture and mechanic arts. -And 

_ in 1863 the National Academy of Sciences was established asan advisory body to 

the government. By 1884 the growth of scientificfdgencies had reached a “point 

« where their relationships and organization became’ the object of Study by a joint 
commission of the Congress. 7 : Bg 


: World War | brought about increased governmental concern fér sciencé and led 
Ss to the establishment of the NationalResearch Council. In agriculture, conserva- 
tion, public health, and technical “standards, government was ane aia in~ 
scientific work. The new field of aeronautics had been entered. y 1916 the 
general structure .of science that was to pre il unt World War II was: rc Bilcas 


World War II and its aftermath led toa mpjor expansion of government's role ° 
_— _ imscience. Nuclear energy and expleratioa of outer space brought totalfy new. 
‘'s functions to government. Establishment of the National’ Science Foundation arf - 
‘expansion of the research s rt py aR Ge) of tht” Natjonal Institutes of Health, 
in addition to large’ expendi ies fos ‘defense-related resedgch_@nd development, 
made the United States government the major national forcé in science and te¢h- 
nology. An advisory ‘apparatus in the executive branch ; as created (President's . 
: * Science Advisory Committee and Federal Council on Saien and Technology) and 
7 , new committees for scientific nf were created in theCongress. The Depart- 
ment of Science idea, proposed as early as 1885, was again considered, but not 
adopted. As a technoscientific society took shape jin America there was growing 
public cancern with the interrelationships between government, industry, and the 
’ ' universities, particularly in the allocation of funds for research and development 
and in public policy toward technological innovation. . 
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f . Federal research laboratories * 


Formulation of policies affecting science 
and technology generally 


1.'In connection with federal scientific and 
fechnical’ programs, e.g., via contract 


wifh DOD, NASA, AEC « 


*°2. Through the science advisory structure, 
€-gs, Office of Science and Technology, 
Federal Countil for Science and Technol - 


‘ogy, President's Science Advisory Committee} 


@ National Aeronautics and Space Cougtcil, 


Council on Environmental Quality, National 
Academy of Sciences, ‘ National Academy of 
Engineering, Smithsonian Institutién 


a 
Pa 


@ 


3.. Through the administration of research 
7 grants, Kgllowghips, and other.assistance to 
, scientific research and education, e.g-, 
fhrough the U.S. Public Mealth Service 
and National Institutes of Health, U.S. 
Office of Education, National Science 


- 


" — Foyndation * 


‘ 


‘ oe ~ 
4. A te cooperation with international - 


e@Mrts in science and technology * 


=a* 


277, 304 


wt 
60, 71,104, 
106, 305° 
110, 182, 191, 
229, 265, 274, - 


.293, 309, 315 


36, 58, 77, 91, 
96, 127, 141, 
142, 208, 226, 


1, 3, 16, 22, 28, 
37, 48, 64, 73, 
82,121, 124, 
134, 151, 152, 


164, 285, 286, 


290, 308, 309, 
312 


2,35, 42, 46, 

59, 90,.99, 118, 

119, 137, 156, ee 
163) 167, 170, _ 

124, 177, 217, 

222, 224, 288, 

289 


56, 255, 281, 
282 
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s , : ; ~ . 7 , . 
* & €. Review and assessment of the status 
' + and directign of public policy and admin- : 
- . " istration affecting science ‘and technology * 17, 34, 47, 45, 
64, 66, 74, 88, 
| 157, 166, 179, 
. : oo * 182, 229, 276° 
- «4 - _ a < 299, 313 ; 
1. The Congress of the United States, e.g., “Y 
House of Representatives: Committee on * : 
- Science and Astronautics; Committee on , 4 
Agriculture; Committee on Armed Services; 


Committee on Interstate and Foreign Coni- . 
merce; Senate: Committee ‘on Aeronautical 


and Space Sciences; Committee on Agri- 
SS . cultug and Forestry; Committee on Appro- 
; priations; Committee on Armed Services; 
, Committee.on Commerce; and Library of ; 
Congress, Science and Technolagy Division 5, 26, 29, 43, 52, 
all : : 79, 85, 94, 132, 
<* 4 . 135, 165, 180, 
. , 181, 221, 291, 
. ; 293, 295, 297, 
; : ; 298, 299, 302 
2, Exweutive Committees or CommMtions, C.9., 
Steelman and Bush reports, Enviconments| 


é 


ua : Pollution Panel of the President's Science , 5 =. 
Advisory Committee, National Cquncil on. 
~~” _Marine Resources and Engineering Develop-- . F 
, / % “ment : Pe - 124, 267, 285, 
é : ~ & 309, 312 
* 3. Analysis-and critiaism of United States 
* ; science policy structure (ee also Fople 11) 1, 27, 45, 66, 101, 
‘, “ 120, 160, 178 
- a. Centrolization of Federal science respon- ~ 
, «sibilities 292 
1. The Department of Science idea, 
"1884-1971 39, 49, 76, 103, 
7 . - 136, 138, 182 
, 2. Proposal for,National Institutes of 
re Research and Advanced Studies 294 
,b. Over-emphasis on mission oriented tech- a 


< nological ‘programs, e.g. Apollo, SST, 
Atomic Energy, etc. ~ 36, 54, 58, 77, 


111, 116, 221 


2 
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. ; oe a. 
Ca Sonpart ‘of basic research by the DOD-- .. ° . 
«ithe Mansfield propésal ‘24, 99, 11, 
7 142 ‘ / 
. : s tntecmitient nature of furiding for science * s 
’ _ programs . 17, 21, 25, &, 
133, 144, 159, 
; 172, 178 
e. Insufficient attention to social and be- 
havioral science~-proposal for a National 
rs Social Science Foundation 117,180 ts 
4 - . | 
V. Science’ and the States 139, 140, 219, wa 
; : 227 ~ 
Ba, ‘Role of State governments in “the promotion of ra 
Science and technology in the 19th century and 
up to World War II. Involvement proportionately 
‘ greater than it is today, and as extensive as that Lf 


of the federal government, at the time. inietation . 
of programs in 
_ ‘1. Agricultural experimentation : |. 
2. Geological mapping 
. 3. Higher education 
* 4, Public health 


B. Decrease in relative support byState governments 
for techndscientific research & development after 
World War II due to vastly larger fedetal outlays 

' we ' (contribution of state agenties to total national -" 

R & D is about 0.5 percent, compared to about 66 
percent for federal agéncies). \ - 
State ‘ppoxted R & D heavily concentrated in: a ‘“ 

_ 1. Health care (more than 40 percent of total ; 
states R & D). _ 254 

2. Natural resources (25 percent). ~ ‘ 
3. Highways (15 percent) +® 


C. Lack of support by states of basic research at - 
colleges and universities (except for agriculs 
e tural research), due to _ , 
1. General lack of interest among State govern- re 
@ments in science per se or in academic re- 
- search; eal function of the university 
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xX 


‘ 


“2. Ste priority assigned to projects which 
show tangible results in a comparatively 
shogg time . 
3. Results of successful research financed | 
by one state will be quickly avaffabl'e 
. to other who did not pay for it. 
. D. Recent Federal support of state technoscientific 
rie ele some examples: - ; 49, 223, 254 
. State Technical Services (STS) Peogram, ; 
1965-1969 62, 150 
2. Intergovernmental Cooptration Act of 1968 
3. Maritime states helped by the Sea Grant 
Pes i Act of 9966 ; 
‘\ 4. The Anadromous Fish Concentration Act of the - 


“I 


Hh Congress - = 
~'5, National Science Foundation Grant to Council 
of State Governments / > 69 


‘ ‘ 
: | E. Institutional Structure for. technoscientific advice 
Sri ok toState governments 
ra 1}. Functions J~ 
. Acceleration of economic development , 
. Anticipation and soPution of social problems .. 
. Examination of natural resource and environ- _ 
mental] problems ‘ : 
d. Injecting benefits of science see technolog : 
into State government planning arid managerent 


‘e. Setting of goals and appraising of progress in 
"areas requiring the use of science and technology 


55, 97, 187, 232 - 


40 70 


2. Type of structure y, 199 
a. Science Advisor to tHe Governor : 
b. Science Advisory Council - ~ - 
— c. State Science Foundations . 236 
7 .d. Aettdemies of Science 
- @..Combinations of some of the above 
3. State technoscientific development programs, e.g. _ 154, 198, 205, 
220, 228, 230, 
~ \ : . : \ - 21, 233, 237, 
' ; 246, 254, 272, 
: 275 


a .Information technology 
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~ —s 
: ei 
Environmental research * 68, 95, 266 
. Systems analysis — — ; = 
d. Natural areas for research 
‘ e. State museums - 


f. Cooperative programs between several states 214, 234, 248 
4. ineffectiveness of most state science policy © 
structures due to 
a. Absence of clear indicati orpot correlation 

between investment in technoscience and 

economic gain 
- b. Lack of recognition of role of science 

advisers in the formulation of public policy ' 
c. Impermanence of advisers, who seldom survive - 
a change in administration 
d. Lack of effective institutionalization of 
» science policy in the regular structure of 
the legislative andexecutive branches 
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LEADING QUESTIONS — _ 


a 
é _ 


How has science been involved in American politics? In foreign policy? 
In domestic policy? 

What are the principal prganizational components for sciéntifisc and techno- 
logical decision-making in the Federal government? What are their statu- 
tory and functional relationships? Are advisory and deciston-making func-, 
tions realistically separable,?.g 


bd 
What weré the Beincipal dhservétions of the OECD examination of science 
policy in the United States (1968)? What response has been made to the ob- 
servations‘of the examiners ? 


What difficulties has the Ameritan politician encountered in attempts to 
deal with issues having science content? How could these difficulties be 
alleviated? * . 

What difficulties complicate the role of the Congress in the formulation and 
reviewgpf science policy? What methods, proposed or in effect, *have been 
advanced to assist the Congress im decisions relating to science policy? 


e 


What has ‘been the role of the National Academy of Sciences-National.Re- 


‘search Council in the administration of federal science’ policy? What cir- 


cumstances led to the establishment of the National Academy of Engineering? 
WhyPare the social sciences largely excluded from the NAS? — 


a 
‘ 
» & 


What ‘are the arguments for‘and against: a national departmenfof science and 
technology ? Is there a parallel in the proposals for a national university ? 


How did establishment of the natiohal system of land grant colleges mark a 


- change i in the functions of universities and the beginhing of a new erg ‘in re- 


lationships between government, higher education, and inaustey 2 


What has been. the role of privately owned industry in the organization and | 
development of American Science? What appears to be its. probable future ? | 
How do not-for-profit R&D organizations differ,. infaddition to financial 
status, from other private industrial enterprises? 


: What role have State ‘governments played in the development of wihee and 


technology? Is there any correlation between the quality of State govern- 


‘ment generally and its rove! in science ang technology? 


ea” 


TOPIC 07 ee AND COVERNMENT: THE SOVIET UNION 


The distinguishing characteristic of Russian science has been its céntralized 
and governmentalized character. From the time of its introduction from Western 
Europe by Czar Peter 1, until given its present structure under the Soviet regime, 
science.in Russia has been almost exclusively a governmental function. The struc- 
ture-of Soviet science, although not monolithic, is nevertheless subject to overall 
‘ political and fiscal control. Soviet science is thusamenable to integrated and pro- 
gramed direction. It may, however, lack the flexibility and ereativny: of less 
highly structured Western science. 


. The Academy of Scienceswas planned by Peter | and established in 1725. Ini- 
- tial membership of the Academy (16) was foreign. Nearly a Century was required 
for it to become a truly Russian institution. In 1847,-university functions were re- 
moved from the Academy, establishing the practice of separating research, which 
the Academy retained, from instruction, which was the principle function of the 
universities. 


: ~ % , 

The autocratic and ideologically dominated governments of the Czars,and the 
Soviets favored science insofar as itserved their purposes. They had litfle interest 
in the freedom ofgcience and did not hesitate to punish scientists for political 
heresies. The safest sciences in Russia were the most abstract. It is not suprising ° 
therefore that Russian scientists distinguished themsel ves especially in. the physical | 
sciences and mathematics . 


.Politcal domination of Soviet science reached its greatest extent under the di¢ - 
tatorship of Joseph Stalin. The most notorious political-sciengéfic controversy of 
the Stalin era arose. over the theories of genetics associated with the biqlogist 
Lysenko. His views, although rejected. by mosébiologists, were favored: by the 
palitical authorities. Lysenko's academic opponents suffered political reprisals. 
The episode, gave the name 'Lysenkoism" te efforts to make scientific theory con- 
form to politcal ee ‘- 


Coordination of Soviet s science policy takes place incommittees, of the Council 
of Ministers of the U.S.S.R., notably in the State Committee for C&ordination of 
Research and Development. Principal components of the Soviet system for science 
policy are the Academies of Science (of the U.S °S:R. and Union Republics), the 
Ministry of Higher-and Secondary Spectalized'Education, and ministerial and in- 
dustrial committees for’ research and development planning - ay 


kei enced fechnology have been accorded high prfority in the atlocation of 
public resources. Scientistsand engineers are among the more prominent members. 
of a.new Soviet professional class, which Marxist ideology opposes but which prac~ 
‘ tical considérationsabet. It remains tg be seen whether the strength of Soviet sci- 
encecah be channeled indefinitely alongideological lines. Associal and beHav- ~ 
ioral science advances:in other parts of the warld, the Soviet commitment toa 
social idgology beyond challenge by science: may be severely strained. 


q 
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Science in Czarist Russia 


“AL 
_ 17th century 7 


ites PT Wéstern thought in the’ 


bk. Receptivify of Czars ‘and court officers 


2. Opposition of Orthodox clergy ; e 


3. Development ‘of non-theoretical technical 
knowledge ee : 
~~ 
Peter’, 1682- 1725, and the beginning ae 
= science . 

1. Role of foreign scientists and advisers. 

a. Leibniz, science eyerer to Peter 
the Great 

b. Henry Farquharson and the School of 

‘~ Mathematics amg Navigation, 170) 
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x LEADING QUESTIONS 
. . ( 


1. What are the principal organizational differences between American and’ 
Russian education and research in scientific and technical fields? 


1 


. 2. To what extent were technological and scientific ideas influential in pre- 


. revolutionary vie ? What effect, for instance, did the work of D.I. Men- 
 , deleev, K.E. Tsfolkovsky, |.P. Pavlov, and Count Witte have upon the char- 
acter of Russian science and technology ? / 


» * a , . 3 


3. To-what extent did a "two-culture” circumstance prevail in pre-vevolution- 


ary Russian intellectual life ? 
4. .What were the historical origins of the distinctions between theeRussian, uni - 
versities, the technological institutes, and the academies? What is the role 


‘of the Academy of Sciences of the U.S.S.R.? : 


5. What was "Lysenkoism"? What was its history? Have there been parallel 
developments in the United States? In ather countries 2 - 


6, What has been the evidence of a deceftralization of scientific and techno- 


logical work in the U,S.S.R. since World War #1? Has the decentfalization 


: been general or selective? , | ' ‘ 


yo ie. 


‘ U.S.A.and U.S.S.R.? What factors appear to account for the differences? 


8. How has theU.S.S.R. used science as an j strument of foreign policy? How 


would you appraise the effectiveness of this effort ? 
. > ‘ -_¢ 2 - we 


-?. Why have such observers as James Burntkam and Jacques Ellul pointed to the 
Soviet Union as the most advanced form of technolpgical society? Are na- 
tional industrial systems generally moving toward or away from the’ Soviet 
model? What is the evidence? , 


10. ‘Do the ideological parameters that circumscribe Soviet science: seem likely 
ultimately to force it intaan intellectual cul-de-sac? Will the scientific 
technology upon. which Communist leaders have set such store ultimately 
contribute to the dissalution ofthe Marxist-Leninist regime?” (Note opinions 
expressed by Stevan Dedijer--referente) © ~ ° 


4 * . A 


Ig 


* 


ball 


*7. How does public regard for scientists and engineers differ as between the -~ 


¢ 
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TORE oF 08 THE ORGANIZATION OF SCIENCE IN WESTERN EUROPE . 
The historical developmen of government-science relationships in, Western 
Europe has followed two corfftasting patterns. Prototypes for these general patterns 
are found inEngland, where a laissez faire attitude toward sciénce long prevailed, 
and ig Franee, where government has been the principal patron and organizer of 
science. These patterns are no longer seal defined, and there are many varia~ 
tions and intermediate stages in other Eurgnpéan nations. But the tendency anfong 


. the civil law states of continental Europe has been to follow the French systemtof 


centralized, government-sponsored science; whereas in the United Kingdom and the 
smaller maritime states of northwest Europe the reldtionships between government 
and science were similar to those alsa prevailing ip the United States. The basis 
for these differences has lain not so muchin attitudes toward science as in. prevail - 
ing eqncepts of jurisprudence and public admintstration . Similar contrasts may be 
found with regard to governmental sponsibility for education, economic: affairs, 


; ang the fine arts. . ' 


The chartering of the Royal Society in’ London in 1662 marks the beginning of 
organized science in England. During the 18th .and 19th centuries a modified 
laissez faire prevailed ith respect toscience and technolagical innovation. Eng- 
land was a leader inthe industrial revolution and it was industrial technology, 
encouraged by the inducements of d market economy, that flourished. [Not until 
mid-twentieth century did the British government become seriously involved 4n 
science policy. In the post-World War JI era, sciertce became a political issue, 
and ma jor innovations occurred in government organization. - 


In France, government sponsorship of science may be said to have begun with 
the establishmént of L'Academie des Sciences in 1666. Advancement of Science 
and technology, at least intheory, becamea continuing function of French govern- 7 
ment. In the years between Wérld Wars { and II the vigor of Frenchrscience ap- 
peared todécline, and in1958 a major reorganization of the machinery of govern- 
ment for the advancement of science and technology occurred. An effort has been 
made to preserve the advantages of centralized support and coordination and to 
gainiflexibility and diversity, involving the industrial sectorand the research lab- 
oratories and university faculties in partnership. in planning. —— } 


The period since World War II-has been marked by a resurgence of science in 
Germany, which had suffered heavy losses during the Hitler regime ‘andthe war: 
years. European regional ‘cooperation for science and | technology has greatly in- 
creased. Addingto the. informal collaboration of individual scholars and schol 
societies, new organizations have been established for cooperation in content 
ergy (CERN, EUROCHEMIC, EURATOM) and space research (ESRO and ELDO) 
The nigh cost. of advanced scientific research ‘and technological innoyation makes 
international cooperation a practical necessity in many fields of inquiry for most 
Eurppean states. - _— : I 
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I. Historical Roots of Science in the West ; 
(cf. Topic 02) °° + ; ; : 6, 117, 130 
ve m e . - , : 
A. Science in the Middle Ages--legacy “ 
| of antiquity 
. yoo = 
> : | B. Birth of modern science in the Renaissance " 
‘ 4. Patronage of science 
s ~ 2. Science in the urfiversities 
Md ‘ ’ 
C. Emergence of organized science (Cf. - ° 
Topic 04) | at , 296 i] 
7 ‘ ¥¢* ‘1. Indépendent scientific societies, 
e.g., The Royal Sgciety of London, eo. 
1662 © ; 289, 302 
— 2. Government-sponsored academies, 
a e.g., L'Academiies des Sciences, 1666; 
The Royal Observatory at Greenwich, 
= : 1675; academies established in Prussia, -, —_ / 
. . 1700; Sweden, 1739; Denmark, 1742; 
‘Netherlands, 1808; iia 1847. 204, 266, 
D. Science and technology as instruments of 2 
nationgl policy . : 220, 274 
- 1. The place of science and sachnoliay - oe * 
in political economy: mercantilists . 
statisticians, cameralists, physiocrats. 306 - 
~ 2, Establishment. of institutions for higher 
education in science and technology, 
e.g., Ecole Polytechnique in France, 
1794; and the Federal Institute of Tech-  ~ io 
nology in Zurich, 1854 ; 130, 354. 
: ‘ 
II. Science and Government in the United Kingdom 113, 130, 139, 159, 
. : =< oe 174, 197,199, 207, 
— . os 210, 276, 279, 300, 
° : 301, 304, 320 
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A.. Historical relations of §overnment to gcience--. 5 
He modified laissez faire’ + 213, 233, 283, 
/ ; . - 289, 302 
1. The Baconian tradition--The New Atlantis, 
1626 y 296 
2 the Royal Society 141, 172, 173, 188, Fi 
—_ 195, 216, 273 a 
.°3. The British Association for the Advancement — 
of Science, 1832 ae 150, 194, 235 
4. The National Physical Laboratory, 1900 155, 202 


B. Science and technology in the Industrial ; 
Revolution 175, 275 
1. The role of invention , 286 
2. Interrelations between science and industry : 286 
h 3. Influence of the relations among science, a ‘ 
technology, and industry i in shaping popular é | 
concepts of science in English-speaking : ’ 
countries’ 


C.. Science during World War | and between the 
World Wars . _ 268, 269 
1. Realization during the first World War af : . 
the unity of scientific knowledge which sup- 
ports both the military and the industrial effort 
Recognition of need to put state support of 
science€ on something more than an ad hoc %asis 
2. Establishment of science advisory committees 
and the beginning of an integrated science 
policy : ; 
" 3. The Haldane Committee of thes Privy Council , 2 es 
- ‘ (1915), which became the Department of 
: Scientific and Industrial Research (1916) 203, 261 
4: The ‘Million Fund' and the Research Asso- + * 
.” ciations set up to support scientific research 187 
5.. The Report of the Haldane Committee on the . ° 
Machinery of Government (1918) resulted in : 
the creation of g Ministry of Health, anda 
Medical Research Council (1920). An Agri- 
cultural Research Council was established in - 
1931 \' 307, 312 
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f ; ‘. 6. A professional organization=-the Ndfional? i ‘ 
‘ Union of Scientific Workers was established ; 
in 1918, which became the Association of : JOON 


- Scientific Workers in 1927° ~ 
_Y. The Tizatd Committee for the Scientific = ; 
Study of Air Defense (1934) led to the de~ : a 
velopment of radar ; 
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D. Science during and after World War Ii : 30, 140, 153, 179, 
° - 219, 228, 253, 281, 
e+ % * 288, 293, 301, 314, 
; am ~~. , 9320, 321, 
: 1. Mobitization of British science during , 
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LEADING QUESTIONS 


oa 
s 


What have been the historical relationships between government and science 
in the United Kiggdom? How do these eae compare with those 


characteristic of the United States, France, German ,or the Soviet Union? 


What is the "two cultures" thesis of Sir Charles P. Snow? . Is its argument 
valid generally for modern society, for England, -or for a"limited segment of 
British society? What recent developments in the U.K. seem likely to in- 
fluence the "two cultures" dichotomy in that, country in the future ? 


. 


3... What are the principal components of the maehinery for the formulation and 


4, 


Ds 


ds 


execution of science policy in the German government? How do they com- 
pare with instruments of science policy in the United States, France, United 
Kingdom, and the Soviet Union? 


; & - 
In ined Fo has the relation of science and technology to governmert 


differed\in France from its relationship in the English-speaking countries? 
To whgt extent have French gdvernment-science relationships, provided a 
model for other countries? =» 


What obstacles have stood in the way of greater ssl: between the 
Western European nations in the field of science and technology? Has the 
degree of cooperation’ been increasing or decreasing ? ‘ 


6. What role has scientific andéFéchnological research and development played 


in the unification of Europe since 1245? What has been the contribution of 
European regional agencies fot nuclear research and space technology? 


~ What are the auses of the "Technological Gap" between Western Europe and 


the U.S.A.? Is it really one gap, or are there several gaps? What efforts , 
are being undertaken, and could be undertaken, to narrow itsMextent ? 


8.” What has been the function of the independent research institute in the de- 


7. 


e a 
nological 


velopment of European science? Are these comparable or analogous to in- 
stitutions in the United States, the United Kingdom, or the Soviet Union? 


How far can smaller European nations afford to, invest in advanced scientific 
. © ¢ - 

and technological research and development? Are they threatened by tech~ 

"imperialism"? What are their alternatives? 


10. What valid*comparisons or generalizations can be made regarding public 


support for science and technology in Western Europe and in the United States 

_and the Soviet Union? Do the major Western. European states tend to spend 
a higher or lower proportion of their national incomes on scientific research 
and development? 


* 
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TOPIC 09 INTERNATIONAL TECHNOSCIENTIFIC COOPERATION 
i : — 7 

From its very beginnings science, as an intellectual enterprise, has transcended 
political bouAdaries. However with the growth of political ideologies, andnotably 
with the growth of national states and nationalism, communication among scientists 
and scientific organizations has been complicated by international politics. 


It therefore follows that the organization of.world science has developed upon 
international lines. International scientific and technical organizations afe gen- 
erally organized upan the basis of national membership (unofficial a6 well as offi- 
cial). There isa tendency, however, for the. organizations associated with the 
United Nations to assume an integrated world character rather than to emphasize 

_their multinational basis (World Health Organization, World Meteorological Or- 
ganization, and Food and Agriculture Organization). 


Antecedents of permtnent international scientific organizations were interna- 
tional scientific congresses, beginning in mid-1 9th century, and the establishment 
of international associations of scientists. In 1875, establishment of the Interna- 
tional Bureau of Weights and Measures near Paris marked the beginning of perman- 
ent, operational, international technoscientific organizations, Today international 
technoscientific cooperation is organizedgaround (1) temporary mission-oriented 
* programs, (2) permanent nongovernmental professional associations, and (3) inter- 
governmental agencies. The first category comprises temporary congresses, com~ 
mittees, or programs constituted for a specific duration, such as the International 
Geophysical Year and the International Biological Program. Representing the 
second type of organization is the International Council of Scientific Unions and 
its constituent bodies. But there are many other technical, scientific, and profes- 
sional organizations that serve in various ‘ways to strengthen the matrix of the in- 
ternational scientific community. The third type is represented by the United Na- 
tions and itsaffiliates; and administers continuing scientific and technical programs . 


The global extension and impact of the technoscientific culture make the growth © 
of international a ae organizations for scientific and technological purpases 


almost inevitable. nagement in the oceans, in the atmosphere, in outer space, 

‘in the great international river systems lies in large measure beyond thé capacity 
of individual national governments. The construction of feasible and effective 
organizations for the worldwide management of science and technology is one of 
the great challenges to human intelligence today . 


_ The voluntary character of international cdoperdfon is a source both of strength - 
and of weakness to scientific and technological efforts on a global scale. Coop- 
erative efforts, such as the World Weather Watch, serve the self-interest of all 
nations; but whenever cooperdtion impingeSwpon national military or economic 
advantage, its existence becomes précarious. The future of worldwide operation-- 
al efforts in science and technology in all probabHity lies with transnational or- 
ganizations responsible to a representative internafional body such as the United 
Nations rather than directly to national states. 
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TOPIC 09 INTERNATIONAL TECHNOSCIENTIFIC COOPERATION 
= ‘ Selected Basic Readings: ; : 
Fucenill 4 / 


Haskins, C. P. "Science and Policy for a New Decade," Foreign Affairs, XLIX - 
(January, 1971)» 237-270. 


‘Kovda, Victor A. "Search for a U. N. Science Policy," Bullegin of the Atemic, 
Scientists, XX1V- (Match, 1968), 12- oe : 


Russell, Clifford S$. and Hans H. isndaie: "International Environmental Prob= 
. lems--A Taxonomy, " science; CLXXII (June 25, 1972), 1307-13143 


td 
i 


Salomon, Jeandazauel, "The Internationale. aol. Science; " Science Studies, | 
(January, 1971 ), 23-42, . ‘a -——- 


‘Skalnikoff, Eugene B. eley and the Future Growth of International oo) . 
ganizations,” Technology Review, LXXHI (June, 1971), 39-47. . 


Supplementary and Substitute Readings: 


Fox, W.T. "Science, Technology, and International Politics," International 
‘ Studies Quarterly, XXI Wareh, 1968), 1-15. : . 


Gardner,R. N. "Can the U. N. Lead the E ironnenial Parade ?" Anverieah 
Journal of International Law, LXIV (September, 1970), 211-214, 


OECD Observer. "International Technical Cooperation: Evaluation and Perspec- 
tives," OECD Observer, Number 29 (August, 1967), 3-6. : 


Pluhar, J. and B. Starnovsky. "Problems of International Cyoperation in Re- 
search," Scientific World, XIf (Number 1, 1968), 21-24. : 


Richardson, J "UNESCO: Super-Ministry with nore Science Journal, V 
(August, 1969), 7-8. ; - 


sw 


Salom@, dean Jocquess "Introduction to Some Aspects of International Coop- 


eration,” in International Scientific Organizations, ed. by the Organization 
for Economic Cooperation ane Development. Paris: OECD, 1965, 11-36. 
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TOPICAL OUTLINE i REFERENCE KEY 
- I. Science and Advanced Technology as 
International Enterprises —- _ 425, 162, 190, 
: 198 
A. The universal character of scientific 
knowledge 
B. The mobility of scientists and scientific- 
7 and teclglogical concepts 
» ei e 7 
C. International diffusion of technology ; 
Il, The Necessity for International Techno- 
scientific Cooperation 30, 32, 45, 74, 
127, 132, 149, 
< ; ; 218, 288 


r ¢ 
“A. The ultimate indivisibility and.limitatior® 
of the planetary environment and the fae, * 
biosphere , 40, 45, 155, 203, 


‘ 


“ : “~\ 292, 299 


B. Limitations¥of national political control over 


_ the air and the oceans and over- physical and . 
biological inferactions in the biosphere 18, 122, 151, 
_ eo. 186, 269 
‘ s 
° Cc. ae cooperation becomes necessary 
when @ phenomehon : s- 


_ 1. Transcends political boundaries and cannot ; 
' be controlled by unilatered action (e.g., . 
weathér reporting or modification, control of 
‘ nuclear fallout, international telecommunications, 
; fur seals, whales, oceanic conditions generally) “2, 28, 86, 100, 
af — 123, 124, 148, 
175, 184, 202, « 
22m 259, 261, 


s Pea pi 2° 26 
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) _° 2, Could only in: part be confrolled unilaterally, 
and international cooperation could greatly ease 
the burden and enhance the effectiveness of 


Bs Could not be dealt with unless intellectual’ 
and material resources that are dispersed and 
unevenly concentrated around the world are 
brought into some form of cooperative relation= 
ship (@.g., technical assistance efforts to _ 


3. 185] International Health Congres=aicehs 

4. 1853 International Statistical Congress-- 
Brussels a 

5. 1860 International Congress of Chemnistry-- | 
Karlsruhe 

6. 1862 International Congress of Geodesy-~ 


¢. 
C. International associations 
1. 1861 Universal Socisty of Ophthalmology-- 
* Paris * 


. 


national action (e.g., medical quarantine, pro- é 
_ tection of "geo birds, exploration of outer - a 
space, aviaflOn safety standards) = % 18,.81, 136, 
, 200, 227~ 


ss countries suffering ‘rom physical, economic, | 
and social deterioration) 140, 262, 276, 
30] / 
“ be 
Ill. Early Efforts toward International Organization for i 
Purposes of Science or Technology _ - 163 ~ 
“A. Early coll tan te at Pa 
» Early collaboration in observation and explor- 
ation ao 
1. Bessel's Sky Chart Project (started 1824) : ; 
2. International Polar Year, 1882-83 
. B. International congresses i - 
~ 1. 1847 International Congress of Economists-- 
Brussels ~ = 
2. 1848 International Agriculture Congress-- 
Brussels 


Berlin | Td . 
A 


+ 
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2. 1872 International Meteorological 
Commjttee --Leipzig 

3.1 nternational Association of 
Academies--Gottingen ' 

D. International bureaux : 

1. 1875 International Bureau of Weights 
and Measures-=Paris 

2. 1921 International Hydrographic 
Bureau--Monte Carlo 


Research stations 
1. Naples Zoological Station=-1870 : 
2. Jungfraujoch Scientific Station-- 


1930 . 


F. Scie 
of 


€ ‘ 


ic eee under the (acces 


. 


IV. Contemporary International Organizations 


A. International organizations--U.N. 
grqup (ultimate universality ?) 
1. United Nations--its committees and 
affiliated organizations : 
a. United Nations Educational, 
: Scientific, and Cultyral Orggn- 
ization, UNESCO--1 945° 


-b 


° 


: Food’and Agriculture Organization, 
FAO--1945 - 


c. World Health rgenlemion WHO-~ 
1946 


d. World Meteorological |, Organization, 
WMO-=-1 9477 ae 
e. International Atomic Energy Agency, 
»  lAEA--1956 


; i) —~' a | ' 
sos , es ae. 
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254 


179, 240, 248, 
249, 272 


40, 97,298 


118 


98, 139, 140, 
225, 304 


3, 72°73, 174, 
213, 300 


46, 204° 
5, 153, 173 | 


41, 50, 146, 20), 
236 
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. International Civil Aviation Organ- 
ization, ICAO 
Ba Other intergovernmental ~International 
orgdnizations 
1. International Computation Centre, 1CC-- 
1961 . 
2. International Institute of Refrigeration, 
IIR=-1920 
2. International Telecommunication Union, 
ITU ; : 
. Intergovernmental Maritime Consultative 
Organization, IMCO 
. Permanent Commission of the International 
Fisheries Convention--1 946 
- Intergovernmental Oceanographic Commission, 


, |OC--1960-61 ° 


+} 


4 


fusellatiy scientific unions and associations 
. International Council of Scientific Unigns-- 
founded 1919 as the International Research 
Council and re-established as ICSU in 193] 1, 4, 12, 89, 
. 229 ia 
a. Fifteen (1 966) constituent unions 93 
b. Fifty-seven (1964) national members 
" (represented by national academy, research 
council, or directly by a government) 
. Scientific committees 
(1) Committee on Spage Research, COSPAR-- a 
1958 ' 38, 256 
(2) Scientific Committee « on Oceanic persarehy 
SCOR--1 957 
. (3) Scientific Committee on Antarctic. seach. 
SCAR--1958 
_ (4) Scientific Committee on Problems of En- , 
* yigonment, SCOPE--1970 306 
. Inte ciion committees ‘(limited task and dur- 

; ation) , aN , 
(1) International Geophysical Committee, CIG-~ 
"4959 
(2) Committee on Frequency Aliscations for Radio . 

"and Space Science, IUCAF 


° 
“”~ 


-€. Special committees 
ay Comite Special;de !'Annee 
“ Gdophysique Internationale, 
. CSAGI OY * 
-(2) Committee for the International 
™ Years. of ‘the, Quiet Sun, lQSY-~ 


(T)ICSU freee Board-=1 953 
(2) Federation of Astronomical and 
_ Geophysical Services, FAGS-- 


1956 LU. 
. Other fercict coll tee Medecine Y 
and associations is 
a. Semi-governmentalgs-some governmental 
invalvement or suppért: g. 9 rrnternatip 
Unian far the Conservation: of Nature a 
Natural Resources, IUCN; International ; 
Union of Forest Research Organizations 4; 6,.230 
ee Be Non-governmental professional: e.g.,- * . 
ba Se Council for International Organization 
’ ie a. . "NF lof Medical Sciénces, TIOMS; The Inter=. 
"Fie é * gt national College of Surgeons; Union 6f~ 


® 


' on ; “Intefnational Engineering ene 
? Poe ae . 7 eo 
- & a on ‘ 
, '@ 
V. ‘The Process of taternational Cooperation and » 
.Control ee : wa ° - +23, 34,°179 
% ' FY , ‘ 306, 31] 
A, _ The steugture | of international codpeFation ce 
4 science and technology a ae 293 ,. 309 
. Internatienal organi zaggons ee partici~ 


pation) 
areas 2. tntérnational organi zations ipotenniel 
universal partici pation) F 
a. Wie United Nations and affiliated - 
. org catia 
b.. Other ‘intergovernmental organizations 
“e Anfernational “noe érganizations 


. . 
) 


‘ {aternational non-governmen 
ee 


ae 2 
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e a : x - a ‘i 
5 International schentific unions “ey 8 a ae 
6. Regional organizations for science and ; . . 
; technglogy : * 22, 90, 95 Tg! 
; 7. Cooperation and communi cationsamong . £ . ay. : 
i hoe vidual scientists : . 
‘* + 4 8. G8operation between universities and other . 
Sientific institutio int different countries: ° 185, ( 
. . Le = Fi . 
ae . Methods of internaticnalé-obperation and . ; 297, 306, 307, 
a spite .? . 309, 310 
4 . Treaties. - : ~ 193, 294 = 
a. Treaty on Nature Protectton and ' 
Wildlife Preservatiort-in the Moses 
Hemisphere F194 | » 294, 303. | 
; b. London Conveiion on Oil. Pollution ee  S an 
(1954) oe i -g 290 . . 
* ¢, Treaties for control ‘of narcotics: oe ? 
fe (1946, 1961) sa e + 99, 254 
~ 7 d. Geneva Convention on Fishing and = - 
_ Conservation of the Living, Resources of — a, 
e High Seas (1958) 3 259, 263 
e The Antarctic Tredty (1959) 184 - a 
w: F. Nuclear-Test-Ban Treaty (1563) cut VG = 2h 4 ail 
g. International Treaty’ on the; Peaceful , 
* oo Uses of Outer Space (I 966) , ‘ re > ts ; 
iy - Nuclear ‘Non -profiferation! Treaty -(1970) # 193,°209, 23]: 
= . Seabed-Arms Control Treaty (r TA) - aye! : 
, 2. lintetggumchmenta agreements’ - we . T49 oe 
& , er . @. Y.5.~Japdn Scientifie Codperation, % oa 
= | re Program . y. ” an” a 
,_* « b. Ne ey corny Atomic Eneigy a 
~ 4% ojéct a a 
: ~. . ° 3. T&€hnical. cooperation and sila programs "44, 75,101. ” 
a: ' 4. Concurrent action- lly based on treaties SNS 2 i . 
a , ; or informal executi@P agreements .- : | Nhat 
@ a-. Cenculgent law: enforcement ae — 2a 
We \ ; b.. Concurreht action projects+=e.g., anti- Ae a 
‘ » malaria campaign - te - 
5. thternational cooperative scightific efforts 67, 109, 110, 
a 150, 
e a a . a] : 
' , a aS \ : 
e « : i : 
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VI. Some Cases of International Scientific 
. Cooperation — 3 


A. 


a 


peentinving efforts 


International cooperation in scientific 

research=~special programs ° 

1. International Polar Year, 1932- 33 

2. International Geophysical Year, 
1957-58 

3. International Years of the Quiet 
Sun, |] 94de65 : 

4. International Biological Progra 


5: International Hydrological Decade 
6. Indian Ocean Expedition 


- 7; Global Atmospheric Research piogemes 


GARP 


8. International Decade of Ocean Exploration - 


9. The United Nations Conference on the 
"Human Environment {1 972) 


International technical Spaseration = 
. ¥ 
& 


Ld 
1. Outer space exploration ~ 
2 


oy é 
2. Peaceful uses of atomic energy 


7? @ 


3. Allocation of yadlo=wave bands — 


tT a a satellites 
ay 7 , 


Pa 
¥ 


° = ‘e. 
5: Protection of endangered species 


. 6= Improved food production ~ oe 


7s Economic development ' 
8. Disedye prevention and control 


e a 


9. Education 


196 


e 


126, 260 


7, 143 
56, 57, 120, 177, 
191, 288 » 


.: «116, 243 
_ 88, 187, 24] 


' 4, 63, 64, 107 


306, 309, 310 


30, 32, 67, 76, 
92, 147,279, 
282 


17, 38, 43, 58, 


61, 79, 105, - 
6, 170, 205 ° 

3Neg)33, 172, 

187, 201, 235 

7Q . we 

31, 70, 1,23, 165, , 


' 168, 261, 262, 


268, 277, 278 . . 


111, 175, 227, 


25g, 302, 303 
68; 78, 140, 
266, 284, 304 
271, 274; 276 
36, 156, 166, 
199,233, 234, 
281, 301 

55, 76, 118, 270 
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s ; bid -_ ; 7 ; \ 
16% Public daihiaien ct a , *2.. I , 
11: ‘Scientific information." ~ He A 26, $s 182, 
a ae 
12. Weather forecasting - 7 ; a 176,°243 
- 13, Environmental monitoring _ . 4, 40, 63, 64, 
1G ,; : ¥ 129, 148 
\f Seismelaay aa 130: 
15. Information services--UNISIST , i - 11, 273 
phy = , r) 

VII. Prospects for Ultimate International Control over + : 
Applications of Scientific and Technical Knowledge - +, es 
WitksRespect to ; ; a 
A: ilitary technology » 3 24,112,124, 193, 

= ° i : 200, 209, 210, 
co , ’ 3 216, 221, 23%. | 
oe 255, 257 
B. State of the global ecosystem = *" 13, 40,%60, 107, 
. : 1 a 115, 119, 129, 
“4 155, 202, 203, 
2 & “> 265, 269, 275, 
‘ a : .* 285, 299 304 308 
1. The atmosphere - °° = > 59, 204, 243, 
» fy = be 
7 2. The oceans "7  * 10, 20, 53, 88, 
: ; ° “103, 145, 152, . 
ee 214, 220, 228, 
. " 237, 238, 280, 
7s a 90, 291. 
. . 3. The polar regions 14, 37, 184,232 
: 4° Natural ec: 74, 104, 122, 
- "264, 271 
Pa ; 
C. National population policies . , _ 63, 64, 264 
SiS 
- D. The outer space environment ; ‘. sa ; 38, @l, 105, 447, 
, , - 169, 219, 222, 
224, 232, 237, 
, 253 
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s oe bd 
VIII. Problems of Interndtional Scientific Cue i 
, Cooperation : : 7 ‘ 35, 94,142,151, 
7 163, 164, 255; 
, (¢ : 260, 286, 287, 
. — 289° 
A. National sovereignty, axclustvenecé, and , 
 self=i nterest ; - 52,102, 169,193, . ; 
. 200 
L Military or security ‘considerations : 49, 209, 210, 216 
Zi ‘ rivalry (U.S.A.-U.S.S.R.) : - 8, 54, 124, 144, 
: ™ MH 23] 
3. Fear o precedent -setting "4 : 209 - 


© ‘Fear and suspicion of "scientific" ; . 
. imperialism: : : 16, 98,7235 


Political indifference oe 4 255 
1. Refusal of governments to lend support 

to international scientific aciiTmen 

legal and political grounds ° . 
2. Resistance &f political leadership to * 


commitments where no political payoff 
is in sight ne 


Ideological resistance “and social conservatism 

1. Population control 281 

2. Efficient food production 284 © 

3. Natural resource exploitation ——. 104, 262, 266, 
“ S . a 280 y 

4. Obsolete educational systems 9° 76, 118 


40 gs 
A 


e 
*'D. Inadequate organization within’ natignal — 
governments for effective cooperation in, , 
scientific mattels ; ~ 163, 192, 271 
¢ _. [+ Science in advanced nations under political’ 
, restraint = g : an " 
2; Division of responsi blity for scfentific activities 
in various countries \g'ditferent ministries 
and agencies of government. Delegation from ‘ 
the same nation to different conferences can be 
subject to inconsistent instructions : 
- No real scientific establishment in many ‘ 
"new" nations ~ ‘ . 
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* 4. Organizations tend to foliow own laws of 


. growth. Increasing expense poses problerhs 


especially for smaller countries a i 
a 
Inadequate technoscientific or techo-economic 
solutions tothe control problem . : 
1, Atomic waste disposal 4 - ‘os 128, 133 
‘2. Weather modification . @ Pa 
3. “Population control os 281 
: 4. Drug Qpuse : z b “99, 254 
Lack of international machinery for effective : > 
control*over political or economic misuse of - all er 
science or technology “117 
1. Misuse or destruction of irreplaceable - * . 
national resoftges, ‘e.g., oceans, wildlife, 
. " topsoil . : (175, 
‘eo. ve 25 
2. Activities ingputer space : 35, 219 : 
 Petlvib y” pac ,2i 
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7 Eg ADING QUESTIONS _ ne. 

ir _ o & 
What are the principal categories into which international ee re for 
science and technology are customarily greupedy oat are the principal — 


criteria for their .classificatian ? . 
J ‘ # £©. 


agit: . 


To what extent-doe’ the, United Nations function as an ‘international organ ~ 
_ ization for sciente.and i Yechadlogy:? . ie ‘ 


What have béen the principal’ oa Nbutibaal ‘of unfo ts the advancennt 
of science and technology, and how have its scieatificc activities been orggin= 
ized? . wos : : i NG ‘ 


a 


What are the prospects - international scientific aad chasis A eae: 
zations acgwiririg an identity independent of the system of national states? 


; Core? a significance in the. term "World," in the name of-several organiza- 
- t 


as 


ions? What problems or _d&ngers or advantages might resute froma world 
/ scientific orgénizdtion thet was bngependea! of national governments 7: 


aw 


‘What has been the role oF agraovermeril professfonal dssociations.in the 
international organization of science and technology? WHot news been the 
panlapaiiens of. enese swoclelonat Lo “e 


fécience anflscientists, what accounts 
for the relatively low priority agg international scientific cooperation 
by mahy governments ? What international cooperation are ‘most 
widely. resisted and why? — » § Bee the, oe 


ay 


‘In -view of the” Sealy high pr. 


Tin wl matters is “international selentific cooperation most urgently needed 


today ? What are the panel barriers fo this eooperction ?. 


- societies? ‘ en | 


td 


What has been the contribution of international es ey and: 
seminars to. international ee Are’ soiheing like .the cal 


Meetings significant ? 


- < ' ra 


‘ ¥ aré the implications for*international relations i in the highly differential | 


e of scientific and technologicatdevelopment in the "advanced" and newly 
emerging nations? Is teghnoscientific "imperialism a possible consequence 
of the inability oftunderdavel oped countries to copefwith sciente~induced prob- * 
(emsand the necessity for recougsato technicat assistance from more advanced" 


_ i —— 279 2 , : *. t 
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. _ What specific m measures “might e taken to sient international: sciéntific ‘ 
' cogperation? What. forms of eee appar to.have worked most effec~ 
. tively thus far? 
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Oita ' Ndodern,scien¢e had its genesis, !n Western Europe‘ in an historical period coin- 

cident with the rise of nationalism and-the expansion of European political control 
to nearly all parts of the world. The science brought from Europe to the non-Eu- ’ 

ropean world was not only an alien farce, but was also an ‘aspect of an alien qnd 
threatening civilization,, In @ few cases--most notably in! Japan-+sctence wos, ys 

: seen as separable from other, aspects of Western civilization. Japan became a 

" : oa _ + * modern scientific and technological power while retaining many of We values ane 
characteristics of its traditional civilization. ": J 


- ] 


t 


As ‘nny fone dient ggined natioNel status after World’ War II, efforts 
‘es were made through international. technical assisMince todevelop science and tech- 
, nology in these new nations-. ‘Participating i in thisassistance were the United Nations - » 
. and their affiliated organizations; modttilatergl groups ch as the Organization for » ; 
* Economic Cooperation and Development-the NorthAflantic Treaty Organization, 
‘and the American Yel iance’for Progress; and bilateral arrangements of which the 
‘ \ so-called foesign aid program’ of the United States was the principal example. In 
«+ 1963, Phe United Nations sponsored at Geneva" a Conference on te Application ” . 
of. Science: A pology for the Benefit of-the Less Developed Areas, with 96: 
: “government® represented. The efforts that have gon’ Tnto developing piper wee Eiget a 
* _. 3 “competente i in @e new nations have beera’mpressive. Unfortunately, the results: 
3 have frequently been disdppointing.. <> - 


an) 


. «4 A basic reason for the slowness of the scientific way of life to take-root in the 
non-Western world is .perhaps because science itself has been anaspect of Western 
, culture. Unless, - as cca, science found an &ccommodating conjunction of - 
oe LS ? " volues,: ?t could not establish itself uring the nineteen sixties, there was a ro- in 
os pid development of technologic capability if the People’ s Republic of China, 53 
; , but.the statys of science in Chfna has been difficult.to assess. Science in the ; 
_ Western world hasbeen the outgrowth of at least three cerituries of. cultural chenge. s : 


° Wis notsurprising that most gew nations have found it difficult to make this transi-> | ve 
\ _  tionina single generati , More ver, it should also be rémembered that science, ao oe 
; » ° iS not & yet a major interest or influence in the lives of jarge numbers of people . 
even in the ne mage technosc iéntifieally advanced countries. ae f 


tarding ‘the growth: af celenee'l in, thé new nations: has . 

g powers: toward economic a¥the’ prime mover of; 
2 -, “societies. A widely prevaitinga mption of international t chnical assistance has. 
MG ". been that ifstational economies can‘se activated to reach ‘some specified’ “take - 

"off point, development of the ‘more adva ced aspects of the technoscientific cul~ - 
“, 9 * + ture automatically will follow. Unfortunately, economic planning as it has been * : 
ae appliedin most of the new and developing nations ‘does not appeqr to have énabléd ae ft 

$ _ them to gengrally i improve the quality of life for their peoples or to: have protected: . : 

. or improved the viability of their biophysical environments. Specitic successes. 

’ - have been achieved, but the technoscittgtific supercuDuss MrBugh which the future 
. ‘state of the world.may be determined is:still overwhalmingly concentrated {n the : 

a - | nations asi Se it Bugis 
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TOPICAL OUTLINE | nrc KEY 
~ , 
- Influence of Science a hnolggy upon the : ; 
Processes of National ‘Development--Cultural,, . >. ‘ 4 
“Economic, and Political be om ; , 69, 98, 107, 
; , - OO} v- * 108, 124, 160, 
4 a a _ aa 
A. Serence and technological i ovation as a° yo, 
Sreaieee forces, . 
. In Western society (cf. Topics - and 
03) — 
In nop=Western traditional societies 2a 
Bema Western societies under the «— 
ae of technological development 
.,Colonialism as an adjunct of techno~ 7 : 
ae ‘development SE NT 
a. Mercantilist Systems : SS 
b. Raw materials andinarkets i in 
a industriat-economies 
~~, ¢. Exporting unemployment 
24 The white man's, burden~-the cultural 
. Missjon of the’ West 
ligious ‘missions ag vectors or” 
Western industry and ‘science’ 
b. The cultural role of international 
* busi a? 
c. The cultural mission of education: | 
foundations, universities,” inter- 
nationa! technical assistance ) 
- os #- its 
C. ‘Primacy of political ’congmy over science in | sea. # 
MV i development process © / | 26, 49, 53, 79 
» The domination of economic av gn the. - 
West 
“Ta, Capitalism sant its s’ modificatiSns reflecting’ 
dn economic perspéctive on society ~- 
b. Marxism as a Western heresy~-the primacy - 
lt politics over ‘economies in gn ideology 
of economic determinism 


The epciemion of Science and Technology* 
an 7 es \ 
2. Conflicting interpretations of the’ relationship ° 
of sciencesand technology to the development 
process-~an aspect of conflict between Wes- 
tern ideologies in the new and "anderdeveloped” oe 
nations - 69, 73, 97,181 
3. Resistance to "the scientific culture" in tra . Pe . 
Sltional seyioties ; *.. . 44, 80, 116 
. Identification of science with Western 
influence ; So 1708 253 
b. Religious and traditional rejection of - > * ; 
. science in authoritmricn political systems al 5 
c. Marxist rejection of scientific objectivity 
in dreas dominated by. panes ideology _ estes 
(cf. ae 07). . 4 22 


@ 


D. Adaptation of sradifiondl's society to science 
J. The emergence of Japah as a techno= . 
-scientifie-state — ------- —— me, '250 through 27 

4. ‘Science and technology in ‘mainland-Chino . 182 through 2 


‘’ 


Extension of the Benéfits-of Science and Tech- . 
ndlogy to the New Nations-=International 
- Technical Assistante (Sée aso Topic 09) 1 28, 33, 39, 68, 
. 69, 73,79, 80, 
ss sak Sad e 123, 139, 145. 
A’. Untted Nations technical aésistance . 89, 146 
1, The U.N. expanded program - pe - 46," 
2. Work of the affiliated agencies % | 
* is UNESCO | V7, 3130 * 
b. WHO“ : - . 4 ; 
c. FAQ’ : ~ 4 
d. IAEA a . 
3., The Geneva Conference of 1963 . . 126, 146, 158° 
Com, “ 159 


. United States technicak assistance programs 22, 25, 30, 33, 
- — 59, 68, 84, 90, 
er roe ax 126, 128, 134, 

157, 158: 
C, Techiniea! assistance by European and@dvanced + ~ : 
Asian itd Israel and Japan 1189) cf 


° 


~ 


sou. 


Technoscience age Perse Countries 
; : a oe e 4 - 


_ O.. Techavext’« gssistance by ‘the Soviet-Eos 


ia 


European bloc CO iy = 


"Development" as a, Vehicle for the eect: + 
and Pbphication of Science-ond Technology 


\ - 


» ‘Meanings and assmptions of the devglop- 
ment concept 


ou 


1. Emphasis heavily economic 


- 2,."Modernization” as a so¢io-politicale 


goal of development 
3. Neglect of cultural: and ecologieal 
values 


4. Critics of economic development 


; Limited Influence of Seienc : velop= ° ~ 
_ ment 


1 .. What is trarmerred | is not “Hel 
but rather the expertise of partt 
specialists in particular sciences and 
technologies . 

ane Development decisions often’politically, 


e 


inspired ore nof receptive to "scientific" 


_pitostions 
Relatively ‘few people in developing 


countries capable of making critical as= Ee 


sessment-of theit own needs and options 


* . 
4e Motivations i in'aid-giving countries mixed; ° 


scienite seldom a dominant factor ; 


= 


’ 


—~, 65; 106, 142, * 


. 52 


'$3, 39° 67 
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1, 8,°10, 26, 
64, 85, 9% 101, 
102, 103,110, 
124125" 134, 
138, 143, 145, 
146,.149 


14, 36, 69, aye 
. 109, 122, 129, - 
6, % 12, 51, 53, . 
> 76, 190,112, ; 

127, TUS 


92, UB 143° - 


6,52, 10% 9157 
116, 150 Jae 


1487-152 
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7 , ae a ; F 
> ‘a 7 . . Ae ; * 4 
IV. PYobtems af Developing Science and Technology in 
.ve New Nations ~ 7 6, 13, 37, 40, 54, 
: pa 55, 3, 64, 67, 
* : 69, 71, 72, *03, - 
a. 106, 125, }30, 302 
A. Cultural orientation . 118, 140 
1, Palitical acceptance of freedom of j iry YY a ; 
--and of critical appraisal af technglogy ° 
’ often absent Son "35.0" 
2. Need far sdcial recognition of scientific 2 é 
: gfe technical work end training as "hi 
status" and attractive ta the anecatee 
‘ owe { 97 : . 
> Lack af local ‘opportunity ae ina "brain. a t = 
mo sdrain” to industrialized nations ; 5, 23, 56, A : 
ey — : 81, 87, 84, 96, ; 
a * y ° 104, 113, 120, - 
: : at, 
Be *Enultonmentell prablems 3, 5. 
1 Inadequate criteria far establishing 2 ge 
srities in develapment << oe 18, 38, 40, 70, 
: 98, 114, rs ‘ 
2 Teuweite effect of q Jeap from Rribalism- ‘ 
. “to urbanism=-the case of Central Africd 122; 159, In 
3% Narrowing margin af opportunity Bie ; - \ 
_ fram abuse or destruction sd natui fon- A 
», ments ‘and resqurces. > «24s 
» 4.) National rivalry and. Sanpition ce al 
‘to internatianal ee on ronal 7 YS 
tissues * 21,88" | 
- International rivers ° 159° 
b.-Wildlife and, natural areds, 24 7 


Ce Paputation policy ~ - 
] “ . * Pi ° a 
« 3» Grawing awarengss of environmental -hazards - 


22; 75, 78, 138, 


*. in the developing coungies 


4 


Institutional support 
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Sigs 


. 2-1 156° 
id a 
4 31,53 ; 


C. 


1. The educational base for science and technology ~- 
transferrdd curricula and teaching methods often’ ” 
* inappeopriate 2a a es \ 
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. 66, 71, 83, 85 
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2. Higher “education, the savslopnei of i S - : 
scientists, engineers,.and biomedical ,: - ote 
professionals au 14, 29, 60, 102, ° b 
7 "228, 245 » & 
3. Limited availability of funds for sup= a ; 
; porting scientific research - "+ 2, 40, 61,85, = 
\ 6 78 * 87 : : : 

_* 4. The role of government in the .advance- ve rs a 
ment and control of science and tech- ae . 
nology usually nonexistent, uncertain, . ts 
or opportun istic .. 11, 63; 72, 86 - £ 

5. Need for external reinforcement from Si, f 
politically acceptable source, e.g., ‘ : 
‘international. rather than bilateral @s- . . oo an ‘ 
sistance . 25, 28 ‘ 
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LEADING QUESTIONS 
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1. What have been the principal effects of science and science-based technology 


_of incompatible objectives? 


on ngn-Western traditional cultures? {s there a "scientific culture” distinct 


and separable from Western traditional culture ? _ . ; 


Have certain of theseeffects been inherent in contradictions between science 
and traditional culture, or have they followed from the manner of the intro~ 
duction of science and advariced technology, or both? 


rs a 


What were she objectives of the United Nations Conference on the Applica- 
tion of Science and Technology for the Benefit of the es Delage Areas? 
What were the achievements of the conference? What Were its significant 


omissions ? * 
’ : ° Fi a 


What factors seem to influencé the extent, to which s¢ience and advanced tech- 


nology are accepted (or rejected) in traditional societies? What may explain 
the contrasting reception of Western science in Japan, China, India, Indonesia, 
and -the Arab. states? | e 9 ‘ - 

Is science, asa method of thought, consistent with the political assumptions 
underlying the creation of new "sovereign" nations in Africa and Asia? 

What are the principal obstructions to the development of science in traditional 
cultures where there is no overt opposition*to science per se--in much of Cen- 
tral and South America, for example ? « 

What are the tndre important institutional arrangements for introducing and 
cultivating science in newly emerging nations? E.-g:, what international 
organizations or agreements have been developed to assist this process ? 
Are scientific and economic developmentsal ways compatible in the new na- 
tions--or have there been conflictingeffects? Canyoucite specific examples 
Can the development process be made amenable, to broad-based. scientific 
concepts and methods? If so, how might this be accomplished “and where 
should the initiative be located? : 


8 
od € 


Given the present exponential growth of science and advanced technol ogy in 
Westernized countries, is there any redl prospect that the new nations can 
"catch up" with the more advanced societies--or will the knowledge gap widen ? 
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. | POLICY PROBLEMS OF 
eo ae ‘SCIENCE AND TECHNOLOGY 


\ topics comprising this séction cover some of the larger 
problem areas of public policy that have resulted ‘from the ad- 
" vancement of science’ and technology. In Topics 11, The Politics 
of Science and Technology, and 42, Administration of Research 
and Development,.emphasis is on establishing thagdirection, prior- 
- ities, and’allocations of money ‘for sci&MPific and technological 
development in the United States. In the remaining topics of this 
section American experience is also emphasized, but attention is 
given to policy problems in other national tontexts. Topic 13 is 
closelyrelatedas itexamines methods of controlling the direction 
- of, technoscientific development and its effects on planning for the 
tested application of selected technologies. Topi¢s 14, Sci ience, 
Human Rights, ond the Role of Law,-and 15, Managing the Tech- 
noscientific Superculfure, deal'with policy problems growing out 
of the impact of science and technology upon the. lives of indivi- 
duals. Advancements in medicine, engineering, genetics, pharm- 
acology, and indystrial chemistry have given rise to novel circum- 
stances in which the rights of individuals and of society. cannot 
io. always be defindd by historical precedent. “The focus of all topics 


3 


noscience, and the policy issuesthat¥risé in consequence of these 
peoler: and of the efforts of society to cope with them. 


sin‘this section i is upon problems rah eles by the growth of tech=- | 


. 
> 5 . ‘ 


TOPIC 11 THE POLITICS OF SCIENCE AND TECHNOLOGY * 


. 


¢ a Although the formal structures of government-science relationships may be 
‘ studied comparatively, ‘it is more difficult to compare (in any detail) the actual” 
course af palitics through which a nation's policies for science and technology are 
shaped. In any nation, the development of science and technalogy has been 
influenced: by unique fogtors of history, institutions, and personal leadership. 
Science policy is seldom shaped. primarily gut of concérn for the advancement of 
knowledge. In the United States, no less than in other countries, considerations 
® of national security, economic grawth, fear of illness, and international prestige 


; have influenced the. direction of science policy. % , 


+3'3 
Mat 


In the United States, the polities of science during the 19th century was strongly 

’»’ Anfluenced by rivalty among several leading scientists. Political attitudes toward 

" .  # the féderal role in science reflected popular beliefs regarding the proper functions 
of government in general, and the Federal government jn particular,” The prin= 
cipal scientific functions of government were in pursuance of other objectives, 
chiefly military in the years before'the Civil War. In the post=Civil War -years, 
agriculture became a major facus for applied science and, at the close of the 
century, fhe conservation of-naturgl resources emerged as a related field for the 
application of ae knowledge’. 


* t 
. 


It was ‘not until Bienes assumed the proportions of a major national enterprise 
in the years followingsWorld War II that it became a significant political issye~ 
Its increasing, importance expldins its growing political involvement--a relation~ 
ship that some scjentists: have been reluctant to concede. In the immediate post- 

' Workerigd, questions of how'te manage the recently liberated ettpray of the atom 
a : * were paygimount, followed by debate over the nature of a natignal ‘instiFution, to 
a8: promot the advanegment of science. The Atom Energy Compission (1946) and 
the National Science Foundation (1950) were outcomes of thesé political issues. 
This post-War era also saw the expansiort of the National Institutes of Health into 
_one.of the world's greatest biomedical research establishments. 


Success: of the Soviet Sputnik in 1957 stimulated new efforts to strengthen - | 


T physical science and led directly to the Space Program and establishment of the 

: __.National Aeronautics and Space Administration. The structure of advice and co- 
ro ordination for Federal science policy became a political issue, and led tastructural 

; innovations . _ Buf increasingly, the politics-of séience and techholog éflectsd 
a , public concern over the wise use of knowledge. . Among the political issues afa 
fecting the direction of science policy have been nuclear fallout, pesticides, 

a environmental pollution, dangerous drugs, "Supersonic Transport, and the national 
investment in basic science. Arguments have been advanced from several sources 
for aKigh- level review of the consequences of scientific and technical inndvation. 
By the early nineteen seventies there: wes widespread concern in most scientifically 
advanced countries over priotities in scientific research and development, and for - 
% better ways to determine them. (Seé inp i) Paes . 
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TOPIC 11 THE POLITICS OF SCIENCE AND TECH OGY." , 
. o 
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(Oétober 17, 1970), 215-218. . ¥ 
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(Februgry, 1971), 41-45. . 
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Studies, | (October, 1971), 263-286. - ae 
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~~ 


TOPICAL OUTLINE .  ° 


« 


Politits and Science inthe United States 


Th 


Historical relationships (Cf. Topic 06) 

oi a) ; 

Contrasting values of science ‘and polities 

1. Scientific enterprise involved in the 
socio-political matrix of the times, but 

- with its own valwes and assumptions: 


2. Political and scientific criteria for 


truth-<a contrast 


3. Defining the public welfare--differing 


approaches of¥cience “and of politics 


C, Mutual dependence of science andpolitics 


in the technoscientific society 


e® 


Politics ofthe Contemporary Structure for . 
Science Policy 


*) 


A. eae: of a new status for science 


1, Changed international position of the 
United States ; , 

2. Vannevar Bush Regfrt ‘to the President: 
» Science-=The Endless Fgontier, 1945 

3. Science andPublic Policy, report of the 
President's Scientific Research Board, 
John R. Steelman, Chairman, 1947 

4, Establishment of .the Atomic Energy 
Commission, 1946i 

5. Establishment of the Notitnal Science 

ef oundation, 1950. 


| REFERENGE KEY . 
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~ 175,178, 285,356, 
359° 


, 26,289, 326, 358 
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213, 290, 291,314, 
350, 391, 418 


56, 74, 75, 76, 
275, 300, 303, 345 
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B. The changing role of science in American — ; : 
society | . _ 2,52, 298 
1. Heavy increase in | defense-related R&D 129, 198,315, 317, 
380, 391, 403 ~ 
. 2. Relationship to economic ‘growth (cr. 
Topic 05) . 267, 327, 335,392 
3. Recognition of the value of basic science ° 82, 119 
), 4. Role of immigrant scientists in the deve=- 
a lopment of indigenous science compe- _ 
tence in the United States 78, 152,179,292, 
v 294 
. ; : oi . 
C.  Post=-Sputnik reorganization and develop- : 
shade 1957 144,247, 314 Ps 
“the Space Peary NASA, 1958 249, 336, 339, 393, ” 
394, 400, 401,410, 
, 412 ee 
2. Newproposals fot a rnin oF sok 
un “ence (Cf. Topic 06) a 
‘ 3. Government stimulation of science edu- - . 
7 cation (Cf. Topic 05) , * 151, 162, 230, 340, 
: ‘ s 38] 
4. The new structure of science advice 2 
(Review Topic 06) . ‘1, 6, 61, 79 
- a. Special Assistant to the President for ; 
-Science, 1957 . 91 
b.. Federal Council for Science and : = 
Technology, 1959 - ; a ‘ e 
- ¢. Office of Science and Technology; : : of 
a 1962 _ , * 4 
d. Reorganization Plan No. 2 of 1962 : . 


“TNote summary in Penick,The Politics — 
of American-Science,- 25- 232) .. 356 \ 
5. Concentration of scientific programs: : 


._ and support . 34, 95, 165 
-a. In palifcular sciences and techno- - ee 
logies . 141,222,224, 343 ° 

b. In particular geographic Ieéations : 28, 300 
c. In particular institutions ~ 28, 234 : 

6. Inadequate opportunity for public par- ; aa 

. _ tleipation i in the consideration of alter- 5 _ 9 
‘natives and setting of priorities —_~ 35,73, 262, 316, 
Penn en a 318 a _ 
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7. Hazards and Jaleguards of American 
science policy from 
a, Manipulation by highly organized 
“and influential groups for group- 
centered intérests--military, dindus- 
; trial academic . 
; me oo ; \,o P 
b. Neglect of c areas of sessench of great-’ 
est social need in favor of areas of 
highest interest and prestige 


The Larger Dimensioné of Science Policy 
= ‘ 


. 
4 ‘ 


’ 


a 
o 


Compete for available funds " 


1. Adgeatanebiis position ‘of defense’ ond 
: energy —selated science and technology 


_? 
* 
\ 


2. Health research: medicine versus basic 
Biology 


ms - 


3. Handicaps of social and envirmnnental 
studies 


\ 


"4, Limited sources of support for basic as 


opposed to applied research - 


Responsibility for formulation * of public 


.,policy for science and technology 


-* . . = . ' 
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102, 106 
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_ 45, 48, 80, 113, 


117, 172, 246, 256, 
270, 290, 305, 320, ‘ 


420 | a 
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29,108, 120, 1382 vas 


141, 224, 251, 2677 
414 


.g $3.24, 68,89, 105, 


112, 124, 128, 144, 
164, 184, 244, 254, 
255, 289, 300, 353 
361 
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262, 290,328, 414, 
420 .* 


9, 55, 114, 125, 
158, 198, 253, 297, 
310, 328, 360, 366, 
383, “386 


108, 150, 225, 286, 
334 


39,40,81,83,131, 
132, 146, 163, 189 
219, 245,257, 269 
322, 333, 344 ° 


62, 63, 135, 207 


56, 71,193,197, 
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’ % . » . 7 = 
" 1. Relating science poligy to science ad= - & | ; 
vice 42,.69, 109, 130 
“2s Determining the extent to which scien= | _ -4 ° _—_ 
‘ { tific knowledge will influence political | = 
oe décisions 115, 368. 
é ” BFixthg responsibility in the R &-D tri 
angle, €.g., government, universities, ; : 
"industry ~ 127, 162,318,352 * |” 
’ | 4, Responsibilities of the.Federal and State a 2 - 
‘governments--the case: of- the U.S, | = 
"Atomic Energy Agency vs. Minnesota 14: . 
Sie ‘Surveying, assessing, and interpreting . 
the status of science and technology 
(Cf. oe 13) 29, 35] 
IV. Policy problens in the Utilization and Control 
of Science and “achnology--Some Illustrative 
Cases - , 51, 108,236,263, 
\ a : 266, 28 1, 284, 287, 
ae _— 304, 309, 337, 341, 
e 348, 365, 368, 378, 
382 -—s 
A. Public policy and the men of « the a 
, a 3 
. The Robert Oppenheimer Meee . - 276,278,301, 325, 
‘ - . = 330, 374 
: 2. The AD-X2 Battery Addictive Case ts 
* 3. Fluortdation of water supplies ; ~ 19] 
, 4, The Krebiozen Case , 18 
5. Blacklisting of scientists by HEW. 135; 1567 
6. The Franklin A. Long incident : 15, 16 
7. Rachel-“Carson and the agricultural 
sciensts ; 33, 85, 159, 268 
8. Standards for nuclear radiation 67, 70, 160, 182, 
. 218 
9. The Velikovsky controversy 
~ 10. The Agri-statistics coke 
, =Be phe sensitivity and scientific uricatiy ‘ 258, 302, 377 : 


a * » Darwhhian Evolution: The Scopes Trial 
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Sa 2 ."Genetics of human differences 3 «98, 126, 168, 194, 
- ie F . "282, 312 
3. Genetic engineering , ral ‘ 58, 101, 143, 154, 
"208, 354 
4. Sexual ibekoutbe of human beings j "V1, 538, 142 * | 
5. Social research as "spying": Project ; 
Camelot 92, K6 
6. Reformist research,é.g., Public Interest & =. 
7 Investigations , o 
| mw | 7, Experimentations with human subjects ~ 259, 355 
. _ +C, Alteration of the natural environment 2 30, 31, 38, 43, 56, - 
‘ ‘ oe : 60, 245,274, 27, 
- — , in oy 296, 324, 362, 373, 
‘ 375° 
isle pollution: 470, 235 
te Water pollution ~ Ue 27, 84, 133 
, e 4 3. ‘Solid wastes To tye , 186, 407 
: 4, Pesticides and herbicides : an. és - 85, 86; V7, 
oe : 159, 169, 220, 226, 
‘ ; - - 0. tN 241, 389 
“ . 5. Inorganic fertilizers 104. | 
“ _ 6. Scientific forestry 
: 7. Rainmak ing an 134 , 
8. Defoliat ion : 7| 
eo CD Supersonic Teaneon ; 7¥ +47, 138, 185, 243, 
_ : . %, 383, 397 
: 10, The Trans-A laska Pipeline 7,8, 149 
11. Experiments in space: Projects Argus, " 
c Starfish, and West Ford a 
12. Nuclear radiation . + 32, 67, 188, 217, 
: 218, 232, 239 
D. "Seeial" drugs, science, and morality,” 51, 280, 295, 32} 
1. Tobacco : ‘ 
2. Marijuana” 231, 372 
3. Hallucinogens and LSD_~ , 142, 250, 261,279 
4, Aen 3 51 - 
? E. Use of data processing techniques to collect 
and disseminate information on all citi- 
zens--possible invasion of privacy - -25, 80, 140, 187, 
, 192, 346, 364, 390, 
~ 404, 413, 416 
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Choice,emphasis,and altematives in tech-  - 
ia lie development 46, 234, 291, 417 
. The Space Program: objectives,methods, 
duration . 10, 20, 23, 224, 
, 242, 247,336,400, 
410, 412 : 
2. Transportation: specific modes versus 
public systems 3, 3 37, 47, 136, 
; — 138, 200,210,216, 
/ 229, 240, 266,383, 
- 408 


. Automation and epeemeties machines ; 
versus manpower 21, 413, 416 
. Weapons technology: sei eccltventes : 
realiability, and morality 45, 96, 103, 125, 
: , 158, 167, 180,246, 
. » 248, 265,271,273, ° 
283, 290,305,332, 
NY 384, 385,399, 405 
5. Energy: how much, from what, for what? 32, 47, 64,97, 149, 
‘ 238, 398,406, 419 
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‘t.. What Eicunt anes have drawn scientists into politics? have the pre- - 
vailing valyés and-attitudes among scientists and their socia status affected 
their political agtivities? : . 7~ 


What cc gion have —_ directed toward high-level science policy advice 
“in goverriment? What hasbeen the source of these criticisms and the reasons’ 
advanced to refute them=What alternatives have been suggested ?. 4 

¢ 


What events or reasoné have been the leading factors in Federal support for 
sciantific and technological activities? Does Congress ome "to dq thg.right 
things for the wrong reasons?" a 
Ke, ; a ae 
How would, you « seats the fears of science elitism as expressed’ ‘by Lapp, 
Price, and othé¥s? What threat do they percaive to political responsibility 
dnd democratic institutions? wines remedies are suggested? ~. 
5. What has been the personal. influence of scientists in shaping’ U.S. science 
‘. policy? Has the influence of men like Powell, Agassiz, Pinchot, and Bush 
led to devajopments in government science different from what . ebjective 


+ -\“analysis of national needs and intere3ts would have indicated? : J 


ft ‘* > 


; e 
6. -What have been “the ptincips! -srebleins of the scientist-employee i in govem-- 


“ment?” What issues have. arisen. over political loyalty, national security, 
adWountability to management, personnel and budgeting procedures, and ¢ 

© freedom of inquiry? a 7 ae ; ~~ a 

td 
2, What were . the principal 3 issyes debated j in the process. of espslishing the oo 

National Science Foundation? To what extent do these’ issués remain unre. 

> solved? What arguments have been advanced for and against a separate ’ 
oO Scienca Foundation? fg : 


g Does the oablic: interest imply a need ‘fgr the surveillariee ond control of in- 
vestigation, experimentation ,-and allegation‘made In the name of science? 

If so, how should this supervision be provided? By law? By the scientific 

* community ? Through the odministrotive process? « a pe ey 


9. Does the future viability of Ganietets government require an increa r 
. public understanding of science? Is an outlook of ‘technoscientific det 
erminism compatible with a comnaiement to self-government? ied 


“10. When moral or political: “judgments Gnd sc ‘entific evidence aré contradictory, | , 
which inahoule govern ppblic policy? = og 


7 ; 
u Rs ' 


: : = 2 e ‘ 7 
. | | . 5 re 


Qe” 
ERIC 


“s 


‘ 
# ° 
: ‘ 
= 
° 


for 12 oe ial as OF RESEARCH AND DEVELOPMENT 


Public investment in scientific research and technological devel ment has be- 


‘come ragndat ory in any modern nation with pretensions to powgr. The large 


amounts of maney required in either absolute or relative terms, ant the practicak 
necessity for establishing priorities in the allocation af public funds among the 


_ several fields af science and technology, have made the administration of R & D 


a majar palicy area in on advanced countries. ‘ os 


Specific, issues regarding R & D include the fslleatiigs (1) How much oF what 
percentage of national income should be bllocated for R & Dand by what criteria? 
(2) What should be the distribution of available R & D funds’ among the fields of 
science and technology and am&8ng claimant institutions? (3) Who should deter- 
mine priorities of R&D? (4) How can creativity in R‘& D be increased? 


In the United States, at least, no clear or ‘decisive answer to any of these 
questions has been forthcoming. Resolution of each of these issues has been’by 
traditional political means. No scientific basis far choice in the Moping of policy 
for R & D has. yet been generally accepted. Sdveral committees of the Congress, 
scieritific bodies, “ and a number of civic and educatianal organizations, have. 
studied the gssessment of the effects of science and technalogy on society and have 
propased new methods for the review and evaluationvaf scientific and techno 


a logical. inngvation . (See Topic 13) ~ 


The Sin' istration of R & Dgives rise to sets of pr&blems on two different levels, 


‘Onthe macro or nattonal level, the allocation of funds among the fields of | inquiry 


and among institutions ase major policy questions. Closely associated is the 
geographical distribution of R & D money and its effgefs upon academic strength 
and economic, growth in the principal “regions of the:country. On the micro or 
lacal- institutional level, a forge number of specific gee be identified. 


Among tose i issues are methods for determining nee priorities, promating 
creativity, overcomiftg institutional and personal obsoleseence, and avoiding un- 
Aeslted consequences of Fecunologiea! ingovation (e.g., foaming detetgent): 


. 


roe in governmental and industrjal, lohorataties: relations nen the scientific and 


technical staff and nonscientist administrative supervisors have frequently béen dif- 


ficult; the objectiyes of researclrand of mission-oriented deve lopment are often very _ 


different, and ifnot understood by.the laboratory persénnel, they: may lead-to con- 
fficting viewpSints regarding the nature of the work to be done. * 


Perhaps the major policy problem in the adiini stration of R&Dis ibe bringin 
together of the resources of government, industry, universities, and research institu= 
tions into coherent purposeful, and yet accouhtable rélatianships. This‘combination 
of forces can form a powerhouse for the advancement 6f scien @ and technol&gy and 


for their wise use. The,space efforf.provides a general made! fob the coordination . 
‘of these forces on specific tasks. But these combinations pdf serious questions for 
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the theery and practice af resporisible democratic gow povetnment 
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(but high minimum wage rates and gov- 
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ment, public policy (political) conside-* 
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e. Medicine ; 174,175, 208, 210 
. Distributed through various 5 ype of * . ; 
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‘Battelle, Brookings Institution, RAND 
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3, Grantsmanship becomes a form of aca- 
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. 4. Geographical allocation of R& Dmoney 
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Congress . | x ee ly 2, 126 
7 ' : ra . a 
AIL, Policy Broblems Relating to R & D Priorities » ° 19,27,35, 64, 667° 
. - @ & ‘i & * : ee 81,86, 904105, | 
- ; ae oe 111,1]4,116,144, 
eke 158, 192,199,211, 


“ et . | Medes E | aa 


~ 


be - ; . 
A. Howmuch of thegross national expendiaiese : : 
should be allocated toR & OD? 29, 33, 89, 108, 
‘ ; ; = 178 ; 
What criteria for deciding thow much"? ° 34,79 6 


£963. 


> ag 


380 


Ss 


 - 


a = 
4. 
’ 
4 *, 
Policy Problems of Science and Tecnology . 
: : ; ° » 
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? 159 . 
a. Economic . 41, 43 
(1) Refurn on the allocation of : 
resources 61, 163, 185 : 


(2) Comparison of this return with 
that from alternative uses of the 
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may offer in improved quality of lif 
{essentially nonquantitative par 


meters). 22, 59, 133, 138, 
ye - 179 
c. Scientific - 3, 54,80, 113, 126, 
¢ 
: 132 
-(1) Expansion of frontiers of know= . 
“ ledge in the field 2, 46 
" (2) "Timeliness" of the project «5 * 113 : 
(3) Relgtedness to other fields bf = : 
‘sciénce 
¢s d. Politica os 
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~ (2) Political implications of the pro- ; 
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* Bq Techn ological ; Pe ls, 17.972 
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the desired end , : 46 
(2) Improvement of the state of the 
art : a 2, 46, 101; 113 
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. ‘Within ‘the range of possibilities, what 


guidelines, if any, exist to indicafe prir- - we 


3 
‘orittes? = . wee '36,45,88,98, 102, 
3 7 132, 159, 164, 167, « 
‘T'. On what assumptions do presentaltoca- — 
__ tions appear to be made? : , 138, 162, 185 
"2. What criticisms of allocations qre most - 
frequently made? "32, 55, 183 
‘@. Subject matter'of R & D 56, 113, 138 


- 


‘b, Methods of allocation 194 


4 


‘. 


— 


. . 
’ ¢ . 
* 2 < - ~ a 
. of * : & . 
. * t 
\ . oe 


: “ "Management of Research and Development ; “ Br 
. ‘ ‘ é 
(1) Reactive rather than initiative © 
i’ (2) Project’and peer group methods: , , 
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¢. Geographical allocation of funding - £ 113, 160 “ 
d. Distribution of resulting, benefits : 160... | 


C. What means of public ordering of priorities : ~ 
have been tried gr advocated to serve the. 
public interest more effectively (Cf. Topics 

\ : 13) PA 71,88, 102, 105, 
— | 7 a 108,162, 169, 199 
]. Recommendations for a Pigh-level re- 
view body in th ederal pvernment 
a. Department of ce * 
b. Boards of Review (Executive, Legi i- 
" glative, and mtixed) . a 
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"ties of public officials for wise judgment _ _ 
on questions of public palicy for science 
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3. Strengthening the staff resources of the 
Congress with respect to policy issues : 
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af ee | oo LEADING QUESTIONS ae 


= 


1. How might it be ‘ielenived that the existing level of support of basic research _ 
in _ of science is not sufficient to maintain the rate of growth of that field: *. 
“ee. <8 ' awgul you ask experts in that fieldalone, or would you also call jm outsiders? 


2. An\gconomist, Denison. “has calculated that the rate of return from investments . 
in R & D, programs has been only about that of investments in nonresidential 
real eytate. Would you accept ne analogy between R SDiexpend tutes ond 
real estate investments? 


/ 


a 


3.- What has — the effect of Federal support of science on the existing character 
‘ “of the universities doing scientific w6k? Has the rise of national research 
am laboratories diminished the relative importance of the universities jin scientific 


. é 
‘ _tesearch? F 


~ 4. Is there really a healcsatpaltey for the support .of basic scientific research? 
What would be the implications af such apolicy, how could it be implemented 
” practice, and what are some of the arguments against a single Federal 

"science budget"? ; 


5. Some writers have charged that there are alternative programs, e.g., aswar 

Yehainst poverty or improvement of existing health facilities, which would not 

require any basie research for their implementation and would promise a better 

, rate of return in social and ecanomtc goods than the spage race or high energy 
physics. Have their arguments taken all relevant factors into account? 


6. Toulmin, Weinberg, and ihe have attemptéd to formulate criteria for the 
evaluation of proposals for scientific research. What factors have they taken 
. . s s s bd . s 
to be important? Do their illustrative evaluations: seem satisfying? 


- : a” ‘ 
7. From an overview’of the present funding practices of Federal support for basic . 
. — »scientific research, would you judge that our estimates of the probable returns 
from such expenditures have beery based upon the cultural or the mission- 
_ oriented values of science? What consequences would follow from the method 
1 ‘of estimating ere tits? : a a" : 


« 


8. What would be some probable outcomes if Federa) appar of science were, 
drastically curtailed? 


* *.: 9, ,What factors should be considered in allocating résources among the various 
~ sciences? Is it possible topredict,on the basis of present trends, any changes in 
the relative amounts of support of the physical, biological, and social sciences? - 
4 oe a é ; 4 


10. What are some of the proposals that huve been made to obtain more disinterested, 
: ; more broadly beneficial ,-and more responsible decisions regarding the emphasis: 
and funding of research and development projects? —- ; ; 
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~ bs 


Experience with the consequences of technological innovation has ,indicated 


“the desirability of foreseeing the possiblé effects of technological change. Tech- 


nological, forecasting has become of special concern to.persons responsible for 
social, economic, or industrial planning. Investment houses, banks, and many 


business firms have an obvious concern with the economic implications of techno- , 


logical change, and they are therefore anxious to foresee-the course of technolagi- 
cal development. Governments must also be alert oe character.and implica-, 
tions of technologictl change, as nearly every facet.of public policy could be 
affected by the complex ‘interactians among modern eer , 


The objective of forecasting is not onily | to estimate the direction in whichtech-_ 
nology i is likety to develop, but also to discover the directions in which it,can ‘ 


and should (or should not) moves This examination of the implications and poten- 
tialities of technology is calley teclnology assessment. Concern for the effeets 
of , ‘technology has been stimulated by the environmental and ie ieee 


consequences of a large number of technological innovations. Examples range from | 


the radiation hozards of microwaves propagated by household electrontcappliances, 
t@ the ecological consequences ‘of pesticides, to the physiological andatmospheric . . 
effects of supersdnic flight. 


s 


> One of the more highly developed systems of assessment is in the area of | 


. pharmacalogy and medicife, as provided in the United States by the Food i 


Drug Administgation and the Nationg! InstitUtes of Health. The rapidly devel- 
oping field of chemical technology has created a need for greater information 


‘and controls over new products, and an international registry.of chemical com- 


pounds has been proposed. A more positive approach to. technology assessment is 
the analysis of the Kinds of technologies needed to attain specific social goals. 
Thus assessment can be used to discover at develop. beneficial new technologies 


as well us to protect against harmful effefts : j 


' . i. 
4t is difficult and, in panera unwise to separate technological forecasting 


and assessment from its total ecdlogical and social context. Assessment of th 
costs, risks, and benefits of a technology requéres some standards of welfare or 
value. Moreover, the conditions required for the development or control of a 
particular technglogy may be of a-social, economic, political, or ethical nature 
not directly evident in dn isolated examination of the technology’ itself. .Techno- 
logical forecasting and assessment tend, therefore, to induce more comprehensive 
systems analyses of all major trends in society, leading toward a "science" of 
possible, futures or "futurology". - 
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"TOPIC 13 TECHNOLOGICAL FORECASTING AND ASSESS MENT 
Selected Basic ‘Readings: : es 
“Jantsch, Erich. "Toward o Methodol ogy for Systematic Forecasting," Techno- 
logical Forecasting, | (Number 4, 1970), 409=419. ' - 
Jones, Martin V’. "The Methodology of Téchnological Assessment," Futurist, VI 
(February, 1972), 19-26. / 


Kiefer, David M. "Assessing Technology Assessment," Futurist, V (December, « 
1971), 234-239, - w = 

Roberts, Edward B, "Exploratory and Normative Technological Forecasting: A 
_ Critical Appraisal, * Technological Forecasting, | (Number 2,-1969), 113-127. 


U.S. Congress. Hadise . Committee on Science dnd Astronautics. Subcommittee 
‘on Science, Resfarck, and Development. T&chnology Assessment. Statement 
by Emilio Q. Daddario before a Subcommittee of 1 OoTh Congress, Ist Session, 
July 3, 1967. Washington, D.C.: U.S. Government Printing Office, 1967,.19. 


r 


~ 


Supplementary and Substitute Readings: 


Abt, Clark C. "Arf Approach to Methods ‘of Combined Sociotechnological Fore-- 


casting," Technological Forecasting and Social Change, II (Number 1,,1970), 
» 17-22,° i - ‘ 


¢ 


te. 


‘Dror, Yehezkél. "A Policy Sciences View of Futures Studjes: Alternative Futures 
and Present Action," Technologicat Forecasting and Social Change, I! (Num> 
ber 1, 1970), 3-16. 7 - ; ; 

. . \ ¥ as dey i 
Forrester, Jay W. | “Counterintuitive Behavior of Social S¥stems, " Technological 
7 Forecastingsind Social Change, III (Number 1, 1971), 1-22. i 


McHale, John. "World Facts and Trends: Man inthe Biosphere, +Environmental 
* System(s), Human Systems,".Futures, II! (September, 1971), 216-301. 


ay 


2 é! : 
Platt, Join R. "How Men Can Shape Their Future," Futures, II] (March, 1971), 
32-47. ! . ‘ 


» Salomon, Jean-Jacques. "Science Policy and Its Myths," Futures, III (March, 
, 1971), 11-23% 2 rons : 
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TOPICAL OUTLINE. x - - REFERENCE KEY 
Need for Technological Forecasting and Assessment -5, 21, 27, 43, 47, 
; 54, 63, 70, 94, 
123, 127, 134, 
138, 152, 159, 
; 182, 183, 204, 
; , ey 319, 336, 338 
Danger of unforeseen side-effects of powerfub 
new technologies. The large increase in world 
population: with reduced margins for error means 
that there ar@ very few areas in which risky ex- 
periments can be conducted, and consequences 71, 93,99, 133, 
are less likely to be confined locally . . 144, 166,167, 
- 177, 185, 248, 
ae 266 
Basis for economic choice and investment, as 
wal as for rational development planning « 
Rapid advances in science and ¢echnology 
" necessitate a high selectivity one part of the 
decision maker fot only at a national leve}, 
but at the level ‘of the individual industrial 
enterprise. Forecasting techniques are valuable Cnc 
tools in identifytng alternate possibilities for " 34, 36, 73, 77, 
choice _ : 80, 82, 100, ° 
114, 116, 150, 
160, 161, 169, 
x : . 174, 218, 236, 
7 ’ : ; 242, 298, 323 
Systematic means are needed to estimate im- = 
pacts which technological develepments are 
likely to have on society in the future, and, 
for guiding the application of new knowledge 
toward goals set by society. Also necessary to . . 
determine priorities of fiélds in which new 28, 48, 49, 66, 
knowledge is urgently needed ~ 72,75, 78, 103, 
121, 122,-128, 
: 139, 141, 142, 
162, 186, 192, 
227, 263, 272, 
278, 2:75, 324, 
350, 359, 362 


a 


a 


og 408° ~ Policy Problems of Science arid’ Technology : 


Il. Early Efforts at Forecasting oo 39, 102, 198, 
ecole a oe 208, 317 
‘A. Observed correlations between stellar con~ 
* — steHations and the annual floods in,the valley 
of the Tigris, and Euphrates gave the Mesopotamian 
pridst#+-the First known forecasters--an enormous 
ere and economic power ‘ ! 202 Re Ge 


B.° Implicit ieee in the Middle: Ages and the ee , 
; Renaissance --da Vinci, Bacon's New Atlantis, . ‘ 
ete. : ~. 198 | 


. Le . " I. 


( Cy Forecasts wade to promote specific Sei cleiunes. 
: . @.g., , dircraft, space travel, ane communications ’ . ao 
‘: satellites _ i &es 229, 244: 
i ae, ; . : 


D.. forecasts used as warning against dqngers in 


specific technologies such as electronic a a . 
eavesdropping and genetfc engineering _ * 202 ; ~ 
» ~~ ° \ . 3 4 
E.. Other wide-ranging.forechsts up to World War. - 19%, 163, 209, , 
. eo e : 27\, 285, 321, “ 
-. * a ; . 343, 389 
‘ F. Science fiction as a.semi-intellectual exercise : 
with emphasis on entertainment value--the novels 
‘6 by Jules Verne, H. G. Wells, Aldous Huxley, and a 
i - ere Orwell 3 1 107, 414 . } 
HL. Systematic Technological Forecasting ms ee. Wo 20s Oh odey 
: : 46,79, 83, 88, - 
; a 158,159,179, - af 
, _ 190, 199, 202, 
s : \ : 212, 224, 225, 
4. ee ; 273, 299, 318," 
[ = ‘ a7 “ 328. - 
A. Inclusion of social, technological, and military 
"environments in forecasting--National Research ‘ 
‘ Council’ report of 937, “Technological Trends 
ane National Policy” - 349, 352 
fy. : 
4 or . = . { 
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“117, 119, 222° 


“120, 315, 385 


4, 240, 252, 292, 
293, 312, 313,. 
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a 
Be UtitZation of forecasting techniques PY. the 
U.S. Armed Services 
. . 237 
1. Air Force Office of Scientific Manage ment -- 4 
Project Forecast - .. 
2. Anndal long-range forecdskissued by ne e Army 
Materiel ‘Command . 
"3. The. Naval Materiel Command's eeu 35, 226, 403 
4. Military forecasts undertakén by universities 
and by nonprofit: organizations, such as the 
RAND Corporation and the Hudson Institute  ,  ° 235, 279, 294, 
° oe 4 305, 306, 405 
Ge Nonmilitary forecasts by government agencies 
‘ dealing with availability of key raw materials, ‘ 
. energy sources, labor supply, etc. 
a 362, 386, 391, 
393, 399 
he The Report of the President's Materials 
“* Policy Commission (1952) ’ ’ 404 
2. Thé"Netional Power Survey (1 964) . 40Q 
3.’ Forecasts by the Bureau of Mines and the 
Department of the Interior about futyre ” 
availability’ of petroleum fuels 
‘4. Study by the Department of Labor of 
- future technological trends in major U.S. \ 
industries and their impact on wages, a 
labor requirements, and.availability of — , ‘ 
manpower 386° 
, _ 9+ Federal agencies continuously concerned * 
' _wijth'the future impact of technology include . 
_ PSAC, FCST, OST,.NSF, Department of Com- 
a. merce, NBS, FDA, NIH, AEC, and NASA, as" ss 
a oe well as ad hoc ee .340, 387 
-Ds Nongovernmental gr dais with specific 7 
; _ aspects of a i ig -- 
. 4. Resources for the Future, Inc. ; 313 
2 Aerospace Industries 7 ‘Association 194 
3. American Academy of Arts and Sciences-- 


w- ; _ The Year 2000" - ¢ 


195, 196 


“Fo 
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,™ 4. Bertrand de Jouveriet's "Futuribles" ie 


' 4 Program , a ~ 
‘5. Robert Jungk's Project on "Mankind. 
2000" S 


6. Institute for the Future 


t 
é 


: 7. International organizations such as, 


| O€CD, EURATOM, ICAO 


8. PréVate industry 


v 


. E. Some current methods of technological 
: : . forecasting _ 
. : _ 
* sd ; . : ae . : 
1. Exploratéry forecasting sffrts from 
; current basis af knowledge and attempts 
; to predict the technological state-of- 
* the-art in a given time frame 
a. Trend piirapalailen to either a siedight. 
~ , __ line fit or an S-shaped expectation 
b. "Genius Forecasting" by individual 
experts 
¢. "Brainstorming'"--group meeting deliberately 
set up to stimulate "way out" thinking 
a *d. The "Delphi" technique=-forecasts made by 
panels of experts not in direct eommuarestion 
¢ with s9en other | D ; 
' e. "Cross Impact": sspiesthe effects of several 
alternate developments on the mibicets of the 
F foreqasts 
f. "Gaming" and ' ‘Scenario Writing" ==partici- 
pants asked to simulate a specific role ina 
, ; "scenario." In "Scenario Writing, "the em- 
* : phasis is on the critical branch points, where 
small influences may nove large effect on ' 
outcome 
rey wal 
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252, 278, 295, 
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250 


52, 126, 314, 386° 


30, 115, 280° 
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67, 114, 129, 
351; 408, 409, 
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147, 199 202 


383 


18, 20, 30, 50, 
151, 175, 176 


65,191, 


* 


™~ 


~” 37, 64, 97, 105, 
109, 118, 140, 
147,.157, 202, 
212, 216, 364 
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193 
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‘277, 307, 322, *- 
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€ 


g- Modeling and simulation ; 
v o : vw 


e 


_ 2. Normative forecasting first assesses future 
goals, and works backward to the en 
“Inventing the Future" 
oe iorehotssteak Analysis ~a technique | — 
* identifying, indexing, counting, and 
a nL the collection of all pos~ 
sible.devices to achieve a specified 
functional capability. Can also be used 
for identifying and counting all possible 
means to a given end at any level of | 
abstraction or aggregation . * 

b. "Operations Research" and "Systems 
Analysis" as forms of self-fulfilling 
technological forecasts (cf. Topic 15) 

3. Drawbacks of the exploratoryfnormative 
classification. Need to look! beyond this 
for creative synthesis and additional per~ 

spectives ° , 


, 
IV. Technology Assessment 


F 


A. The nature of technology assessment 


‘1. A form of policy research which provides a 
% “balanced apprarsal: to the Beyer 
a. 
2. . Identifies palicy:l issues, assesses the apc: 
of alternative coursesaof action, and presents 
findings ‘ 


> 


All 


ry 


54, 85, 115, 203, 
268, 297, 320, 


327, 336, 358 


~ 


3, 59, 104, 147, 


272 2 / 


132,°420 


54, 84, 112, if 
360, 374 


2, 33, 56, 147, 
148, 164, 165_ 
6 Cd 
11, 40, 41, 60, 
76, 86, 93, 101, 
106, 136, 139, 
154, 180, 181, 
231, 265, 345, 
347, 390, 392, 
396 _ 

98, 110, 335, 
344 


195, 232, 334, 
387, 391, 393 
° r 


130, 197, 381, 
39} 
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Apalytical methods which vary from case to 
case, and appraise thé nature, ‘significarce, 
status, and merit of a technological program 


4 is ~ 
2 ‘ ° 


. The scope of technology assessment . 


Va 


a 


1 "Measurement of physical parameters such as 
climate and weather modification, fanténe, : 
* - epidemics, radiation effests 
os : : 
Establishment of cayse-and-effect relation- 
ships, ‘with petal ema on second- and 
third-order effects . ; 
Risk-versus-reward ratios for different 
; nations, e.g,, use of DDT ‘inv India may be 
: : desirable, byt not necessazily jo-in the U.S.A: 
Emphasis on short-term impatts that can be > ~ 
measured by natural science parameters, but 
, long-range effects such as possible changes jin 
» values, attitudes, or institutions also considered » 


‘ 5 . é 
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. Some areas in critical need of technology assess~ 
ment ’ 


: NO 
lig ‘Energy production from fossil fuel, 
nuclear plants, and other sources 


Phosphates and other substances in water 


The role of the automobite in transpor 
. “Supersonic passenger dircraft 
Further growth of the cities 


ah Om B&B WG PD 


ae 


Short- and long-term effects of pestici 4 
ions 


“a 
29, 45, 125, 238, 
363, 366, 395, | 


* 397, 398 . 


13, 14, 90, 92, 
93, 162, 166, 
"196, 210, 231, + 

329, 330° 


197,.217, 258, ° s 
270 
( 


a 


“9 149, 205. . 


89, 98, 108, 121, 
145, 149, 172, 
178, 185,195," 
200; 207, 219, 
320,-407, 0 


99, 110, 112, 155, 
A717, \87, 204, 
221, 258, 259, 
287, 308, 331, 
340- 


62, 69,111,184, 
289, 354, 376 - 


217 

171,217 
10, 28 

26 

42, 291, 384 
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7. Fertility coritrol drugs os . 180, 269 : 
8.° Genetic Engineering "367, 379, 416 
_* D. Steps involved in technology ‘assessment 85, 153, 189, 
. rn 332, 340 @ 
1. Identification of all greas influenced +” : Gg 
by a program—in-physical, soctal:, 
economic, and legal sectors ; _ 91, 173, 95214 
» . 34] 
Establishment of cause-and-éffect rela~ 
tlenshtes, mcwnding indirect effects 54, 84, "2, 113, 
205 
Determination of alternative methods to . 
implement the program F 51, 260 
* Identifigation of alternative: programs to i 
achieve the same goals tnd possible impacts 
associated with them ae , 4 951, 260 
Evaluation of all the bad, as well as . 
good, impacts of the program 171, 205 
- Presentation of findings from the andlysis, 
and recommendations - : ah 125 ° 
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SEARING QUESTIONS 


What are the distinctions between technological forecasting and assessment, 


and:how are they related? oe 
| ~~ ‘ 
Who attempts to forecast techtiological development and why? = * 


? ¥ 
What is the differenceggetween exploratory and normative forecasting? Are ° 
they mutually exclusive or reinforcing or neither? |s there a more valid way 
of understanding the modes of forecasting ? 


+ 
° 


aad 


‘ @ . ‘4 
‘How may computers be used as tools of forecasting or assessment? 
. = : f Se 7 
What are the merits. of reproducible vefsus non-reproducible techniques, @.g. 
the Delphi technique? _ What are their 'strengths and weaknesses? For wha’ 
kinds ‘of problems are non+reproducibté techniques mostuseful ? Least useful.? 
; / 


— 


. What institutional arrangem 


t 


i. . es ° 
ents have teen suggested to jmproye the quality 
of technological forecasting arid assessment ? : 


WEB are the relationships between technological change and the socic-eco= 
nomic structure of society? Contrast or compare relationships under socialism, 
- free enterpfise, and traditional forms of socigty «4° 


, - 4 ; 
What are thesgessible roles far technological forecasting and assessment in 
¢ pubtte“planning? Cite examples of how predictive «ipproaches to technology 

have heen used (e.g., 1937; National Research Council report), and analyze 
¢he validity of their assessments. ; . 
9. Has-seience fiction and Utopian literature had any measurable effect upon 
‘- the history of technology? What have been the effects of forecasts appearing _ 
- to be self-fulfilling or self-defeating? « , 


10. €an the needs of society be identified and’ defined for“optimal use of tech- 
nological possibilities? If this could be doné, what means would be employed ? 
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Science and technology change relationships among individuals, and between 
indiyiduals and society. - For example, Blomedical knowledge has changed pub- 
lic attitudes toward various dipécts of disease and has placed upon government 
new responsibilities for protecting the public welfare. New forms of information 
gathering, new techniques of crime detection, new pharmaceutical ‘products, and . 


- new forms gf energy and of industrial organization create problems of human rights . 


and justice for which historical experience provides noadequate precedent. More- 
‘over, the advancement of science sharpens debate over the meaning of “human 
rights" and the substance of "justice". Are “rights" and "justice" no-more than, 
social conventions, unsupported by any knowledge derived from sclence? 


Law as a social institution is therefore under stress in attempting t8 accommodate 
traditional attitudes and assumptions 1 to the realities of technoscientific society. 
oe the advent of science, law restedsecurely upon social or political "truth". 
<Tn Medieval Etrope, WA chcraft was a legal fact validated by popular belief. When 
the growth of scientific knowledge undermined belief in witches, the laws punishing 
witchcraft ceased to be enforceable .: Witchcraft, had ceased tobe a social or po~ 
litical truth. Law stabilizes and protects the established social order, and changes 
in the law reflect’changes i in society. But an acceleratingrate of technoscientific 
change may eXceed the capacity of social attitudes and institutions to make cor= - 
responding adjustments. ‘The volume of law making, in the United States for ex 


‘ ample, has increased over the years largely (although often indirectly) because of 


the new factors introduced into society by scierf and technology. And yet the 
process of law revision does not keep pace with techngscientific change. . 


_— Severat new fields of law or legal theory have emergedas a direct consequence 
of technoscientific innovation. Among these new areas for legal concern are a- 
tomic.en&¥gy; exploitation ¢ of the oceans beyond national jurisdiction; exploration 
of outer space; genetic manipulétion of human physiology; and psycho-chemical: 
_influeaces on human personality. In trying to cope with these and other problems 
Qf the technoscientific age, the law is increasingly compelled to take cognizance 
of sclentitic evidence. Even the voice of.the people cannot” make a scientific 
truth qut of a political falsehood. ' 


Means are needed to speed up the adaptatian of law to,conditions of the techno= 
scientific age. , Low revision commissions in several of the American state govern~ 
ments assist the technical updating of the law, but they are rarely, ifever, equipped 
to deal with the larger dimensions.of the problem of technoscientific change. Some 
instrumentality ‘for rapprochement of science and law is needed, not only in the 
United States, but inall technoscientifically advanced coéntries. Not only domestic 
national law but also internatiorial law must be clarified,-revised, andexpanded to 
. guide new suprar or transnational enterprises. A deficiency of adequate legal con~ 
cépts is today aWeterring fadtor in the establishment of, transnational agencies for 
management of the oceans and polar regions, and for the exploration of outer space. 
Thus science transforms the character of the lawand forées it to-expand its di mensions . 
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~ TOPIC 14 SCIENCE , HUMAN RIGHTS, AND THE ROLE OF THE LAW ~ , 
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TOPICAL OUTLINE to REFERENCE KEY 


= 


1.- Interactions between Science and Jurisprudence \ 13, 57, 79, 91, 
; ‘92, 142 
A. Traditional concepts:of law: laws’of Reture : 
and man=made laws ae 7 “A 
4 1. Laws of nature: deductive, descriptive, 
value-free--Newton's laws of motion, 
Malthus’ law of population growth 


<= 2. Laws of men: inductive, normative, 


value expressive 7 50 
B. Concepts of natural law "4 +42, 107 
1. Jus naturale in Roman law . 
<s theocratic concepts=-laws u 
ture and of mnatuxe's God 
<3. Physiocracy, bioeracy, techriocracy 


“C. Science and positive law \ 64 
1. Juridical truth yersus scientific truth: 178 
a. Statutory fiat 
b. Testimony in-eourts 127 
> ¢+ Methods of crime detection and . 
identification - ~~ ' g 69, 125 
: 2. Legal rights in knowledge and invention . * 46, 52, 67, 152 
a. Copyrights and patents--comparisov =. -. 
between U.S. and U.S.S.R. -¢ 43, 101,147, 149, 
| j ' 164, 179, 197 


b. Government control overascientific Gnd . 
technological innovation in thé interests 
' of health, safety, public welfare,.and 


morals 48, 105,153, 188 
c. Conflicts between rights to knowledge ‘ . 
as property and advancement of science 
and éducation 56, 98, 123, 184, 
‘ 198 
D. Problem of tiVerpeniotion 23, 59 


. Semantic difficulties and the substitution 
of. processes and forces for the "law" con- i 
cept in science’ . 
2. Incompatibility of tests of “truth” 134 
_+ +. “3. Valuesrelativity of normative laws , 


-. 
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Wl . Changing Congept of Human Rights 


A. Concepts of "rights" changed by scientific or 


B. 


’ 


8 


science-derived concepts 
1. Property ownership 

2. Contractual obligations 
3. Working conditions 

4. Person®! privacy 


5. Educational opportunity 
6. Ethno-racial attitudes 
7. Environmental quality 


Realization of theoretical "rights" made 


feasible by technoscience . 

1. Noutishment 7, 
¢: Medical services . 

Be ‘Mass education s- 


4. Gainful employment 


e 


C. Areas of impending change or development in 


, law resulting from the growth of scientific 
” knowledge 
1. Space law: a new phase of jsfemationdl law 


2. Resources on the ocean-floor 
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LEADING QUESTIONS 


F ; ae 1° 
is en the ret effect of science on ae. ie rights-=positive, 
fae neutral ?° What is the evidenc®? a 


Have efforts to. disepver a natural (or scientific) basis for positive law been 
naive, misguided, .or premature ? Haye the difficulties been informational, 
“petceptual, or institutional ? ot 

¥ e rs 
What ore the legal and moral implications oftidvences t in medical technology 
which: make it possible to keep alive. for considerable periods patients:who 
may have. suffered irreparable brain damage? =“ 


. Ifwe postulate a situationin whicha "scientific truth” and da “palitical truth” 
are in conflict in society, which truth should prevail? In what respects are 
, the, assumptions of science and democracy meee reinforcing? --potentially 
antagonistic ? 


iy 
' 


With the availability cod prospective application sik new instruments of.control 
over society, how can traditional concepts of freedom under law have meaiting? 


xa ‘ 
Hew far is it possible or desirable for government to control ‘the- use of elec: 
‘tronic or other ' ‘spying’ ' devices? Is Privacy a human right? What isthe evi- 
; dence? ; , 7 


» 


What "new rights" have been mile feisibl by science jn what traditional 
rights have b&en modified or impaired? Is the very Concept of. "homan rights" : 
inconsistent with a scientific outlook? ; et ; 


a ; 

. What basic.differences in attitudes concerning the econdihie and: social ® 
of sci&nfiticand technological innbydtton are reflecte#inU.S. and U.S.S.R% 

patent laws? ~ #7 -. > @ i 

To what extent must the scientist bear moral responsibility for the uses, s made re 

his innovation bysociety (in-his own country or in a foreign country)? Could 

or should scientists band together in refusal to work in certain harmful areas 

of sknowledge @.g., nuclear: wPapons, germ warfore)?° 


. What evidence ‘might be cited for présent 9 of approaching changes in influence 
by. eae Knowledge in the following ¢ areas: | ‘8 
' Property rights OS bg _ 
6. _ Sociopathic behavior ais _ Re 
Public health (e.g., sanitation, innoéulation? louriqéfide) . 
Publicatien, printing, broadcasting, etc. -. - he 
Medical, psychological;-and soclal experi mentation 
Domestic iene 
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: TOPIC 15 GOVERNING THE TECHNOSCIENTIFIC SUPERCULTURE 


a 


One effect of science and technology upon modern’ society’has been to create * 


a_new level of assumptions, values, methods, and information that transcends na- 
final and traditional cultural boundary lines. This level of awareness (or of 
knowledge) corresponds in some respects to the phenomenon that- Vt. Vernadsky 
and Pierre Teilhardde Chardin called the "no&sphere". Perhaps it i is more bécause 


it'includes material objects and social institutions as well as inanimate ideas. It is 


here described as 4s technoscientific superculture, not because it is necessarily 


. superior to traditional cultures, but because it is a new cultural level overlaying 


geographically localized historical societies. S ‘ 


aia) 
t 


As noted under Topic +4 (Science, Human Rights, and the Role of Law), the in- 
ability of legal and judicial: institutions to adjust-to changing conditions is one of 


+ 


the major policy problems of the technoscientific age. In traditional societies _ 


where law could be relatively static, government could be largelya process of ad- 


judication. In-a technoscientific society, however, the: a af. government are, 


increasingly managerial. The type ‘of Isw which best serVes as a foundafion-for 


_ publi¢ management is not always.the same as that intended as abasis for the jodg~ 


ment of courts. Anew ‘structure of public accountabilityis required if society is to 
bénefit fully from science and technology, Gnd is to avoid both the tyranny of the 
technocrat and frustration from obsolete lege! strictures* oo 


* The challenge’ of the technoscientiftc iupetculture to management is ‘at least 


three-fold, The primary challenge is conceptual. It is to identify the needs of a 


viable industrial society, dnd the means to meet them, without impairing the eco= 
logical basis of that society or of human welfa enerally. In the second place, 
the task of management is one of institutional development. The advancement of 
science and technology. has resulted, often indiresy , in problems new in kind or 
magnitude for which traditional machinery of goyernment Me coprndtce Explor- 


atior@of outer apace s been one of these,-and the control of environmental pol-— 


lution and the’universal extension of health care age policyareas that have yet to 


opment. To manage the forces liberated through ‘science requires public officials 


- find adequate, institutional expression. The third challenge is one on ride devel- 


andadministrators with-qualities rarely’ ¢ evideht ‘in fhe past. The stakes for success . 


and failute in the superculture.c are too high to leave the quality of leadership. in 


policy and management to chance. Ways must be found to provide society with — 


leadership competence in the right places at the right times. , This is largely a new 


” task of higher’ education in which government, industry, the ‘professions, and the 


universities must collaborate. Concomitant vith this task is the upgrading of public 
understanding of science:and technology, so that true reci {procity and respofisibility, 
can prevail between the roles of sciemtist and citizen ‘and between both of these and 
the eager in policy and “management ‘of the Fechnoscientific sdperculture. 
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La 2 : 
DOPICAL OUTLINE » et - eee REFERENCE KEY 
Déinands of the New Science and Technology . oe 
upon aan 8, 97, 111, 150, 
, oo 159, 172, 174,. 
a i Ce va 206, 239.1 > 
A. ginformation: high-level demand for exten- . 
*sive; accurate, and timely data 7 Soli T05, 151, 
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-B. Interlocutign: intermediary Zommunication’ - 
“among specialists and diyegie interest groups ; ' 87,95, 155, 156, 
- re 19% 
7 C. Prescience: ability to detect trends and to os f 
; predict davelopmenthaChs Toptc 13) ' 13,17, 208! 


- D. Adeptabilify: dipacily: to respond to rapid 
=e 5 on teclnio! pay and the énvironment 
E é 


rsotility: tolerance for complexity dnd: 

emul stocused problem-solving ; = 
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™ Y Ib. Impact of Sciente and pays n Managerial a 
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"scientific" practice of | mang gernent : «46, 47, 132 
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* LEADING QUESTIONS. 


What is meant by the "Bureaucratization” of science? Is this‘an inevitable 
concomitant of big science? 


4. Should the administration of science be restricted to "scientists"? Can om 
Vadministratgr, " without science credentials administer science policy ? What 
has beenthe experience in ggvernment? n industry? In hospitals? , In ufi- 


What aspects of administeotion have not yet been influencéd significantly by 
science? In what respects could science most greafly befefit administration 
today? How does "management science,” attempt to improve management ? 


hnocracy" primarily a” consequence’ of the ambition or self-confidence 
ence @ofessionals arid engineers, or of popular ignorance, folly, or in- 
difference? Are there other factors? 


How would you distinguish between the administration of scientificand tech~ . 
nological activities within the government and the administration of general 
teyaffecting the applications of ‘science and technolpoyd a 


. NT eg 
2. , How much of a. nation's sedate effért should be channeled into the ‘ad- 
; vancement of science? By what criteria should allocations be made among 


e 


» 
’ 


. 


“What policy and operational problenis arise from the interrelationships among. 
universities, industrial establishments, professional groups, and various gov- 
erriment agencies in the public administration of science? Are these rela- 

- tionships consistent with traditional concepts. of governmental accountability 
and distinctions between public - private interests ? 


How, have science and ‘technology. influenced the honicta: of the adminis- 
frative process generally? . What are. specific illustrations of technology i in 
administration ? , 


* r oN 


9." What should be the content of ‘education for the administration of science 


policy, and how, when, and whére should it be acquired? Is the same true 
Je applied science ? ‘ 


10. Must the reconciliation of scientific and d@mocratic values be undertakenin - 
large measure threugh the administrative process, broadly construed? Would . 4: 
it not be enough to resolve differences through conferences and colloquia, or 

through public education toward a mofe adequate’ understanding of science? 


